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ASTRONOMY IN THE HIGH SCHOOLS. 
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FOR POPULAR ASTRONOMY 


Of all the sciences, the oldest and in many ways the most inter- 
esting, is the science of the stars. In all ages, from the time the 
morning stars first hymned their songs of praise, down to the 


present, the stars have been the subject of keenest interest and of 
profoundest thought. The close of the 19th century shows a, 
still greater interest in astronomy than the annals of any previ- 


ous age can furnish. But it is to be deplored that whilst Botany, 


Chemistry, Geology, Algebra, Geometry, Physics, Physiology, 


English Literature, Rhetoric, Latin, Greek, German, French, and 
History, are all studied by the boys and girls of our high schools. 
\stronomy is either entirely ignored, or at niost glanced at ina 
very desultory way. This should not be so. Men of wide intelli- 


gence and sound judgment, men whose opinions are entitled to 


the highest respect, will say that for all the purposes of thorough 
culture, Astronomy takes very high rank 


When we consider the various relations that 


the other sciences 
sustain to Astronomy, as Photography to Astronomy, Physics 
to Astronomy, Chemistry to Astronomy, Geology to Astronomy, 
Chronology to Astronomy,and Geography and Ocean Commerce 
to Astronomy, it must be admitted that this science assumes at 
once an importance that is second to no other. When we con- 
sider that 3000 or 4000 vears B. C., Egypt and Babylonia fur- 
nished texts written on papyrus, burnt in brick, or chiseled on 
stone, showing that observations of eclipses and other astro- 
nomical phenomena had been made; and that those oriental na- 
tions had erected monuments, temples, and pyramids, in strict 
harmony with astronomical principles; that the ‘Father of As- 


tronomy,”’ Hipparchus, 130 B. C., discovered the precession of 
of theequinoxes; that Ptolemy of Alexandria wrote the Almagest, 
130 A. D.; that Copernicus gave to the world for the tirst time 
the true theory of the solar system; that Kepler first proclaimed 
the three fundamental laws of the solar system; that Tycho 
Brahe first demonstrated the value and use of an astronomical 
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observatory; and that since their days, a long line of men, illus- 
trious because of their almost infinite sweep of intellect, Galileo, 
Newton, Laplace, Herschel, Secchi, and a host of others, some 
dead and some living, have by the aid of their mathematical 
genius, by observation, and by telescopes, infinitely enlarged the 
domain of the universe, we must say that Astronomy is worthy 
of the best effort of the human mind and of the most earnest 
study of every boy and girl. 

When we consider that the Book of Job, written probably more 
than a thousand years B. C., that the Iliad of Homer, written 
nearly a thousand vear B. C., refer to some of the most brilliant 
stars and groups of stars in the skies; that Kant, the Prince of 
German Metaphysicians, had time to write his remarkable 
works on the ‘‘General History and Theory of the Heavens” and 
on “The Volcanoes of the Moon;” that Carlyle, one of the mas- 
ters of English Literature, gave plaintive utterance to his feelings 
as follows. ‘‘Why did not somebody teach me the Constella- 
tions, and make me at home in the starry heavens, which are al- 
ways overhead, and which [ don’t half know to this day?”; that 
the great poets and writers of literature, of all ages, and in all 
languages, have adorned their master pieces with passages con- 
cerning the starry heavens; when we consider all this, the won- 
der is that so little effort is expended in the High Schools of our 
country, in making more widely known the elementary facts and 
truths of astronomical science and alsu uranography. Here 
is a field that has been left practically to the astronomers of 
the observatories, or to the irregular methods of a few amateurs 
that are to be found here and there among the nations. 

In order that Astronomy may become a popular study, every 
High School should be equipped with apparatus, not expensive, 
but scientific and exact—celestial globes and charts, a small tele- 
scope, and a well selected library of astronomical books by the 
best writers. Thus prepared, the work should be begun by obser- 
vations of the heavens, in order to learn the names and locations 
of the constellations and of the stars of the first, second, and 
third magnitude, together with the mythology attaching to 
them. To most beginners, such a study of the heavens becomes 
most interesting, and the interest develops, before one knows it, 
into enthusiasm. This course may be followed by a study of the 
celestial circles, as the equinoctial; the ecliptic; their intersections, 
their poles; the meridians; the vertical circles; right ascension 
and declination; the motions, orbits, distances, and size of the 

planets, and their relative positions, interplanetary influences, 
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and their physical conditions; the general theory of eclipses and 
occultations; sun spots and solar phenomena at the time of so- 
lar eclipses; equinoctial and solstitial points; the precession of 
the equinoxes, and other items of interest. The next subject may 
be a study of the comets that visit our system, and of meteors 
and meteoric swarms, and their origin and destiny. 

At this point an investigation of the heavens beyond the solat 
system may be entered upon. Witk a good telescope whose ob 
ject glass is 4 or 5 or 6 inches in diameter, many of the wonders 
and beauties of the celestial depths may be brought to light. The 
so-called fixed stars will be found to vary in color. Some are 
white stars, others are red; some are yellow, and others are blue; 
and to learn to distinguish these various colors in the stars, and 
some of the most marked variations from them, constitutes a \ 
most pleasant and interesting kind of astronomical work. The 
telescope will also enable a person, properly trained, to discovet 
a very important arrangement of many of the stars; that is to 
say, some stars that to the unaided eye appear to be simgle, are 
found to be double, constituting a pair, each of which revolves 
about a common centre; others are found to be triple, and others 
still quadruple. Then again, there is another class of stars, called 
variable stars, many of which are known to exist ; some of which 
at times shine with great brilliancy, and at other times gradually 
fade away to an almost invisible condition, vibrating, as it were, 
periodically between the two extremes; this class will demand 
attention. 

Our little telescope, as it is turned towards the constellations, 
one after the other, will reveal still other wonders. Clusters of 
stars will appear as by magic in Hercules, Taurus, Cancer, Gem 
ini, and so on, numbering hundreds, and even thousands of stars 
that are invisible to the naked eve. Sir W. Herschel counted 200 
stars in a cluster belonging to the constellation Serpens. A clus 
ter in Hercules, visible to the naked eye on moonless clear nights, 
is composed of more than 5000 stars ranging in size from the 
10th to the 15th magnitude. Many nights could be spent in the 
examination of star clusters. Another very important subject 
and one that will well repay all the expenditure of time and labor 
that may be required, is the consideration of those fleecy, cloud- 
like objects that lie far out in the stellar places, to which the 
name of nebulz or nebulous fields may be applied. Some of these 
are visible with an opera glass, or, as in the case of the great neb- 
ula in Andromeda and the great Orion nebula, with the naked 
eve. Their grandeur and beauty, however, are made to appeat 
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only by the use of a large telescope. Nor must the Galaxy or 
Milky Way be omitted from the list of subjects properly belong- 
ing to High School Astronomy. This ‘backbone of the Heavens” 
as it may be called, contains its mysteries and ‘‘Coal Sacks” that 
will furnish pleasant and profitable occupation for many hours. 

To all the foregoing, another and very essential feature should 
be added. The literature of astronomical science is quite exten- 
sive at the present time and is rapidly growing. A portion of the 
tools for astronomical work, therefore, should consist of a hun- 
dred or more volumes upon various astronomical lines, including 
the history of Astronomy, the biographies of the best astrono- 
mers, and descriptions of the greatest observatories of the world. 
The list of hooks should embrace, among others, the following: 
Clerke’s ‘History of Astronomy during the 19th Century,” 
Grant’s ‘‘History of Physical Astronomy,” Langley’s ‘The New 
Astronomy,” Lockyer’s “The Dawn of Astronomy,” Lockyer's 
“Star Gazing,’ Lockyer’s “Chemistry of the Sun,’ Proctor’s 
various astronomical publications, Proctor and Ranyard’s “Old 
and New Astronomy,” Flammarion & Gore's ‘Popular Astron- 
omy,” Ball’s various astronomical publications, Young's ‘The 
Sun,’’ Webb’s “Celestial Objects for Common Telescopes,” Todd's 
“Total Eclipse of the Sun,’ Chambers’ Revised Astronomical 
Works. 

To supplement all that cannot be attained otherwise, in the 
way of celestial observations, a good lantern and a complete set 
of the best astronomical slides would be of 


great value. Such 
an equipment would materially increase the interest in many 
Ways. 

High school students should be encouraged to pay close atten- 
tion to the many celestial phenomena that are almost constantly 
oceurring,—solar and lunar eclipses, occultations of stars and 
planets, conjunctions of planets and of planets and stars; the 
coming and going of comets, and meteoric falls and displays; 
and the displays of the Aurora Borealis. 

A course in Astronomy as outlined in the foregoing, would cer- 
tainly do as much for the average high school boy or girl in 
strengthening the intellectual faculties, in) broadening the 
character, in elevating and stimulating thought, desire and pur- 
pose, and in creating a strong and pure imagination, as any 
other subject, whether scientific or literary, embraced within any 
course of study for high schools. 
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THE VARIABLE STAR MIRA. 
J. A. PARKHURST 


For POPULAR ASTRONOMY 

The coming winter affords the first opportunity in several 
years for a complete and satisfactory determination of a maxi- 
mum of this interesting variable. For a number of years the 
observations have been stopped on account of the star being lost 
in the evening twilight before it had decreased in light enough to 
furnish a good value of the time of maximum. But, as the 
period is about a month less than a year, the star reaches its 
greatest brightness early enough this year to allow a good deter- 
mination of the date of maximum. 
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In order to show the usual behavior of the star, I have plotted 
the observations published by Mr. H. M. Parkhurst in the As- 
tronomical Journal, Vol. XV, page 77. They were made with 
his photometric apparatus. The observed magnitudes are indi- 
cated by the small circles, connected by straight lines. Through 
these points I have drawn the continuous curve, showing the 
maxima at February 12, 23 and March 3, 1895, to agree with 
the dates determined by Mr. Parkhurst and published in the 
same number of the Journal. I have also drawn a broken curve, 
disregarding the minor irregularities of observed curve, showing 
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on chart showing the telescopic stars 
to the 10th magnitude within 1% of Mira. The stars let- 
tered in the chart are a few of the comparison stars used by 
Mr. H. M. Parkhurst. The corresponding magnitudes are given 
in the accompanying table, together with the Harvard Pho- 
tometry magnitudes of enough naked eve stars to form a con- 
tinuous light scale: 


COMPARISON STARS FOR MIRA. 


Name. Approximate Position. Magnitude. 
R. A. Decl 
h m 
f Ceti H..P. 103 0 39 18 32 243 
Nis ts2Z > ot $ 42 2 68 
y* 33 2 38 2 50 3.59 
@ Piscium 320-1 1 57 2 87 3.99 
0 Ceti £18 2 34 0 6 4.13 
70” 376 a 2s 1 20 5.62 
I) — 5 .438 6.62 
H —v2 .389 TSG 
N £ .375 S12 
P { ,O0 8.65 
Ss a abe 8.95 
1T 3.347 9.35 
T > 8505 YQ 44 


The star ‘*T"’ is the one closely following Mira, measures of 
which are given by Dr. Wilson in the November PopuLar As- 
TRONOMY, page 150. 

It should be noticed that the magnitudes given above are pho- 
tometric. The corresponding magnitude of the star ‘‘T”’ on the 
‘historic’ or Argelander scale would be about 9.0. The magni- 
tudes of the telescopic stars are Mr. H. M. Parkhurst’s published 
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in the Harvard Annals, Vol. X XIX, page 144. The chart given 
was drawn from a photograph of a part of one of the charts of 
Schoenfeld’s Southern Durchmusterung. 

MARENGO, IIl., 1895, Nov. 12. 


ON THE NEWTONIAN CONSTANT OF GRAVITATION,’ 


I shall not have time to-night to describe the work of former 
investigators, and for this there is little need, since it is all col- 
lected in Poynting’s Adams prize essay ‘‘On the Mean Density of 
of the Earth,’”’ published this year. I cannot even find time to 
explain in more than the merest outline what I have done to 
develop the apparatus of Cavendish, so that he would hardly 
recognize in my glorified bottle-jack the balls and lever which 
have made his name famous. The following table, given by 
Poynting, however, represents the results of the labours of inves- 
tigators up to the present time. 


SUMMARY OF RESULTS HITHERTO OBTAINED 


Approx! 
nate date Experimenter Methox Result 
] 
1737-40 Bouguer Plumb-line and pendulum Inconclusive 
1774-76 Maskelyne and Hutton Plumb-line £.5-5 
1855 James & Clarke ” 5.316 
1821 Carlini Mountain pendulum £.39-4.95 
1SS80O Mendenhall > &.77 
S54 Airy Mine pendulum 6.565 
1883 Von Sterneck - 5 77 
ISS5 Von Sterneck : About 7 
1797-98 Cavendish Torsion balance ‘ 5.448 
IS37 Reich , 5.49 
IS40-41 saily 5 674 
1852 Reich : 5.583 
1S70 Cornu and Baille 5. 58-5.50 
1SS9 sovs In progress 
IS79-SO Von Jolly Common balance 5.692 
IS7S-90 Poynting - 5.493 
(5.46-5.52) 
ISS4 kKOnig, Richarz and 
Krigar Menzel In progress 
ISS6-S8S8 Wilsing Pendulum balance 5.579 
ISS9 Laska In progress 


In connection with this table I cannot lose the opportunity of 
quoting Newton’s extraordinary prophecy, marvellous in that 


* A lecture delivered at the Royal Institution on June 8, 1894, by Professor 
C. V. Boys, F. R. S. Continued from page 131. 
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without any direct knowlege he gave a figure which was nearer 
the truth than that found by many of the experimenters that 
came after him. The passage is as follows:— 

“Unde cum Terra communis suprema quasi duplo gravior sit 
quam aqua, et paulo inferius in fodinis quasi triplo vel quadruplo 
aut etiam quintuplo gravior reperiatur; verisimile est quod copia 
materiz totius in Terra quasi quintuplo vel sextuplo major sit 
quam si tota ex aqua constaret; preesertim cum terram quasi 
quintuplo densiorem esse quam Jovem jam ante ostensum sit.”’ 
(Newton's *Principa,”’ 2nd edition, 1714, p. 373, line 10.) 

I have placed on the wall the diagram of the apparatus which I 
showed in action when lecturing here upon quartz fibres five years 
ago. With this I was able, for the first time, to show to an audi- 
ence the effect of the very small attraction exerted between a 
two-inch cylinder of lead and a little one weighing only a gramme 
or fifteen grains. The apparatus which I have to describe to- 
night is the same in principle, the main distinction being that it 
is so designed and constructed that I can tell precisely where 
every gravitating particle is placed. In the design of this appa- 
ratus 1 have been, as everyone will admit, bold—most would 
have preferred the word reckless; but knowing the truth of the 
principles which I had developed, and having faith and confidence 
in the quartz fibre, I deliberately chose to reduce all the dimen- 
sions to an extent which caused the forces, and especially the 
couples, to be insignificant in comparison with any which had 
been within the reach of the experimenter hitherto. The whole 
difficulty of Cavendish, Reich, and Baily had been to measure so 
minute an effect; instead of increasing this, | diminished it enor- 
mously, being satisfied that I should be able to make a propor- 
tionately more accurate measure by so doing. Cornu reduced 
the dimensions to one-quarter; I have reduced the chief one to 
one-eightieth. Cavendish hada force equal to ,,),5 grain’s weight 
to measure; I have less than a five-millionth. By the use of the 
long lever, Cavendish had the effect of a force of ,}, grain’s weight 
on an arm an inch long; I have less than a twelve-millionth of a 
grain on an arm of that length. His forces were fourteen hun- 
dred times as great as mine; his couples or twisting forces were a 
hundred and twenty thousand times as great. One advantage 
gained by the use of small apparatus, in which alone the attract- 
ing ballscan be madelarge compared with thelength of the beam, 
is the increased sensibility, the greater angle of deflection pro- 
duced by the attractions when the period of oscillation is the 
same. This is more especially the case in my apparatus where 
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the two sides are at different levels. But the greatest advantage 
is in a direction whence it might least be expected. In spite of 
every endeavour that may be made to keep the air quiet, to ex- 
clude draughts, to keep all the apparatus at one temperature in 
a vault of constant temperature, infinitesimal differences must 
exist; one side of the apparatus must be hotter than the other, 
though no thermometer could be made which would detect 


the 
difference. In consequence of this difference of temperature 


the 
air circulates, and so creates a draught which blows upon the 
mirror and the suspended balls. Now I have shown that in ap- 
paratus geometrically similar these disturbances are likely to be 
in the proportion of the seventh power of the linear dimensions, 
while the gravitational couples vary only as the fifth power; the 
relative disturbances are therefore likely to be in the proportions 
of the squares of the linear diu.ensions, so that if we make our 
apparatus ten times as large, the mirror is likely to be one hun- 
dred times as unsteady. In addition to this, the time needed to 
bring the apparatus toa steady state is far greater with large 
apparatus. After making the geometrical measures I leave my 
apparatus, small as it is, three days, if possible, before observing 
deflections and periods. 

The diagram (Fig. 1) is a vertical section through the appa- 
ratus. Band C represent an accurately turned brass box with a 
lid L, which can be made.to turn round insensibly by the action 
of the wheels WW. The lid carries two tubular pillars, PP, from 
ths tops of which the balls, MM, hang by phosphor-bronze wires, 
being definitely held in place by geometrical clamps on the heads 
of the pillars. The lid also carries two supporting pillars, RR. 
In the center tube the ‘‘beam mirror,’’ N, hangs by means of a 
quartz fibre from an adjustable torsion head surmounted by a 
bell jar, and from the ends of the mirror the two gold balls, mm, 
hang by separate quartz fibres. Four rings of India-rubber are 
placed on the base to prevent destruction of the apparatus in 
case the balls should drop by any accident. Now it is evident 
that if the lid is turned from the position in which it is shown, 
that is, with all four balls in one plane, in which position the at- 
tractions do not tend to twist the central torsion fibre at all, then 
these attractions will produce a couple increasing with the angle 
up to a certain point (65° in the particular case), after which the 
couple falls off again and becomes zero when it has turned 180 

Since the effect is a 
measurement of this 
a small telescope at 


maximum at 65°, very great accuracy in the 
angle is of little consequence. By means of 
a distant table, and the divided edge and 
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vernier, I can tell the angle with certainty to ,|; degree; an uncer- 
tainty of one-quarter of a degree would be of but little conse- 
quence. Again, if the pair of gold balls twist about an axis 
which is not exactly that round which the lead balls are carried, 
if there is any small eccentricity of the gold or lead balls, then 
eccentricity in the common plane removes the gold balls from a 
position of minimum effect, eccentricity across the plane removes 
them from a position of maximum effect, and if the levels of the 
gold balls are not precisely the same as those of the lead balls, 
again the departure is from a position of maximum effect. All 
these three eccentricities can be determined with an accuracy of 
rowo Inch. Errors of ,}, inch would make a barely perceptible et- 
fect upon the result. The design, therefore, is such that a great 
number of measures which are dificult, and can at the best only 
be made with a second quality degree of accuracy, are of so little 
consequence that this degree is more than abundant. The final 
result depends directly upon a few measures which, as I hope to 
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show, can be made with facility and most accurately. These are 
the horizontal distance from center to center of the wires by 
which the lead balls are suspended, the horizontal distance be- 
tween the centers of the quartz fibres by which the gold balls are 
suspended, the angle through which the mirror is deflected, the 
masses of the lead but not of the gold balls, and the natural time 
of oscillation of the mirror when the balls are suspended and 
when a thin cvlinder of small moment of inertia, but of the same 
weight as the balls, is suspended axially in their stead. 

Before going more into detail and showing how the operations 
are carried out so that all the quantities may be known with a 
sufficient degree cf accuracy, it will be convenient to project upon 
the screen a drawing of the vault in which the experiments have 
been made. Professor Clifton has kindly allowed me the free use 
of the vault under the Clarendon Laboratory at Oxford. This 
is shown in Fig. 2, of which the upper portion represents an cle- 
vation, and the lower part a plan. The instrument itself stands 
upon the table A; in the corner, where it is screened from tempera- 
ture disturbances, which my presence in the distant corner and a 
very small flame produce, by an octagon house of double wood 
lined with cotton-wool and by double felt screens, ff. On the 
second table, A,, are placed a large astronomical telescope, T, 
through which the large scale, S, is seen by reflection from the 
mirror in the apparatus, a small reading telescope, t, to read the 
angle of the lid and vernier, a pullev-wheel, p;, and a driving- 
wheel, d. The pulley-wheel p: keeps the cord b which passes 
round p, and p,, and is attached to the cart, g, always tightly 
stretched,so that the observer at the telescope can always keep a 
little fame carried by the cart immediately behind the particular 
division under observation, The driving-wheel dis made with a 
very large moment of inertia, and the handle is near the axis, so 
that its motion ts necessarily steady. A very light cord passes 
round this, across the room, and after passing through a hole in 
the screen passes also round the little wheel D (Fig. 1), and thus 


serves to drive the train WW, and so carry the lid and balls 
round almost insensibly. Two hundred and thirty turns of d are 
required to move the lead balls from the + to the — position. I 


generally turn the handle 130 times, and then when the mirror is 
approaching an elongation, turn the handle the remaining 100 
times, finally stopping when the lid reading, as observed in the 
small telescope, is correct. The large scale, S, is 9 feet long, and 
is divided into SO0ths of aninch. There are 4800 divisions. 


Two beams, /, /,, are seen in Fig. 2. The upper surfaces of these 





























as 
Nyt Y 
YT t 
YE i aa ‘ 
N aq 
} “ - k Lad lS 
STU WAY Hl \ it “a R 
id a A | \ 1 N 
tee | IN 
Hilt | A t 
iL) ey ! \ | N 
= | N 
: H | a, / 'N 
ie { “| / t 
YH TR i ‘ / iN 
re - b 
| } N 
7 | 4 =) f 
U rt 4 N 
a) a, s R 
4 . — Ns 
Hy ' 
4 rs t 
{ can Scie 
3 | e) \4 \ = 
| corel KR Te \u ty N 
Nee aq 3 
ST Y-\C\ \ | / 3 * 
UU} | {oS 
Nag , as r (+) N 
1 <= Gr) | th 
1 | 4 t 
H | } \ '. 
i nl \ 2 t 
41) KF ESS): eet, 
a Ls ‘ 
R | \ Ss 
t . 
{ 7 | ts > k 
t % \ iN 
it f 7 : 
vH : f x 
3 | \ iS 
1H 
14 — ; s 
Nu 14 t t 
H k S 
S ' R 
Na] i t 
q | | 3 
Nan t \ q 
S Rf aa ee ee ee 
‘ f } N 
NI + aa a 
: = ‘ = \ 
r1 | t | \ 
{| f | 
1h t | 
Vit R | 
YH R (( =H = ari N 
Ns } * 
I] kA < || | : 
} ; \ | N 
vi S 
y ' \ : 
11 | { \/ 7; 
N t i) 
N) KY beg TET! et J 
ae 
N|| Kf 
. k 2) 
Ni! Kf) 
RK 








are straight, and are adjusted by screws until they 


cane ai cineca RRR 


WHA es 


are truly 


level. These are used when the true optical distance from the 
mirror to the scale is being measured. A steel tape, on which I 
engraved a fine line near each end, rests upon the beams. At one 
end a slider carrying a microscope is placed so as to see a fine 


1G, 
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line at the centre of the mirror accurately in focus, while at the 
other a corresponding slider is placed so that a projecting brass 
rod rests against the scale. At the same time cross lines en- 
graved upon the plate-glass bases are placed exactly over the lines 
engraved on the steel tape. When afterwards the microscope is 
focussed upon the end of the brass rod, the distance between the 
<ross lines, as measured by a scale, is the amount that has to be 
added to the distance between the engraved lines upon the tape, 
in order to obtain the distance from the scale to the mirror. 
Overhead wheels are shown in Fig. 2, fastened to the roof 
above the apparatus, and again close to the end wall. These 
serve many purposes, as will appear later. Among others, the 
middle one of each carries a cord fastened at one end to a cross- 
bar joined at its ends by guys to the pillars R of the lid (Fig. 1), 
and at the other to heavy balance-weights to counterbalance the 
balls M M and part of the lid. Thus the friction is yreatly re- 
duced, and the tremor set up 


Vv rotating the lid is in a corres- 

ponding degree slight. 
All time observations are made chronologically upon a drum 

by the Cambridge-Scientific Instrument Company 


] 


This is placed 
in the adjoining vault. Two time-markers 


record with their 
points less than 1 106 inch apart, one of them marking every 
second of the clock, with special marks for minutes and half- 


ininutes, and the other every depression of the key at my right 


hand. The late Professor Pritchard kindly lent me an astronom- 
ial clock for the purpose, to which [| fitted time-marking con- 
tacts; but into the details of these I must not enter. He also 


lowed me to make use of one of his assistants to keep me in- 


tormed of the rate of the clock from time to time 


i 
and of the small gold balls, but have given no indication as to 


I have up to the present spoken vaguely of the large lead balls 


how they are made and how I can be sure of the truth of their 


form and their homogenity. Mr. Munro, whose capacity for 
turning accurate spherical work is well known, made for me two 
moulds of hard cast-iron, which I have on the table. 
these 1s for a 414-1nch lead ball, and one tor a 2! 
I 


One of 
21-inch lead ball. 
Zach mould is made in two halves, so truely as to shape and size 
that the thin steel dise that was used as a template would dis- 
tinctly rattle when in its place, but when a strip of cigarette- 
paper was inserted on one side it could not be got in at all. The 
upper half of each of these moulds is provided with a cylindrical 
steel plunger accurately fitting a central hole in the mould, and 


with its end turned to the same spherical surface when it is 
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pressed home upon its shoulder. The lower half of each mould 
has a 44-inch central cvlindrical hole, into which the lug of the 
brass ball holder exactly fits. There is also a small hole at the 
side which can be stopped with a brass plug. The balls are 
made as follows :—The interior of the mould is smoked and ther 
screwed up as tight as possible. It is then heated until a piece of 
lead upon it begins to melt. The necessary quantity of pure lead 
melted in an earthen pot is then carefully skimmed and poured in 
until the cylindrical neck is full. The mould is then made to rest 
upon a cold iron slab, and a blow pipe is directed upon 
the upper part so that it cools from below upwards, and 
not from the surface inwards; more lead is added to keep 
the neck full. As soon as the lead in the neck solidifies the 
plunger is inserted, and the whole is placed in a hydraulic press. 
The plunger is forced down upon its seat, the lead, already free 
from bubbles and vacuous cavities, is compressed until at last 
the excess of solid metal flows through the small side hole in the 
form of wire. The ball is thus made true in form, necessarily 
homogeneous, which no alloy is likely to be, and definite in size. 
When cold it can be lifted from the mould, when after cutting off 
the wire which projects from its equator, it is ready for 
weighing. 

The small gold balls are made by melting the required quantity 
of pure gold in a hole ina bath brick, and, as in the case of the 
lead, letting it cool from below upwards, so as to avoid cavities. 
It is then inserted in a pair of polished hemispherical hardened 
steel dies, which Mr Colebrook made for the purpose, and beaten, 
bene turned between each blow, and annealed once or twice 
until a perfect polished sphere, without a mark upon it, is the re- 
sult. I make these in pairs of exactly the same weight, and, as 
in the case of the lead balls, thus obtained truth of form, accu 
racy of size, and homogeneity all in a very perfect—more than 
sufficiently perfect—degree. These are each suspended from a 
quartz fiber of the necessary length, to the ether end of which a 
hook and eye ts fastened. In the very important details of these 
operations it is impossible, for want of time, for me to enter 
The gold balls are .2 and .25 inch in diameter, and a pair of gold 
evlinders were made in a similar tool .25 inch in diameter, and 
about the same length. 

Perhaps the most important detail in the whole apparatus is 
the ‘beam mirror,”’ which is of the form shown in Fig. 3. It is 
necessary, as far as possible, to reconcile the following incom- 
patible conditions. It should be as light as possible, have as 
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small a moment of inertia as_ possible, 
the optical definition should be as perfect 


as possible, and, almost most important 


of all, the form should be such that the 
resistance offered Dy the Viscosity of the 
air should be reduced to the smallest pos 
—, 8 sible degree. By cutting the middle por 


tion out of an optically perfect round 











| mirror all these conditions are realized in 
—) some degree, and the optical definition is 
MIR R‘O a | | actually more perfe in the horizontal 
(J — | direction than that due to the whole dise 
Y | Phis is fastened to a cross-shaped support 
LY of gilt coppe The ends of the mirro1 
| have vertical grooves ol microscopic fine 
| ness cut in their thickness, so that the 
| quartz fibre hanging from the cross-arm 
above may rest definitely in them. The 
central hook ts fer the purpose ol hang- 
i ing the ‘counterweight,’ 7. e., a slender 
| silver cylinder of exactly the same weight 
as the gold balls with their fibres and 
Lf O hooks. By this means the unknown mo 


ment of inertia of the mirror may be elim- 
inated with the fibre equally stretched in 
both cases, a most necessary condition, for I have found that the 
torsional rigidity is seriously affected by variation in stretching 
Means are provided by which I can effect the transfer of the 


vold balls from the beam to the side hooks or the reverse, o1 


change their places without opening the window; but these and 
numerous Other important details I must pass over 
Unfortunately accidents are liable to happen, and, as I know 


by dearly-bought experience, the gold balls may sometimes be 
precipitated down the central tube. I have 


ecovered them some 
times by an india-rubber tube, let down through the 


window 
aperture, sucking at the other end until they closed the open end, 
when they could be drawn up. Latterly | have made use of a 
magnitized tuning-fork to pick up a very small fragment of iron 
tied to a silk line, by means of which I could draw up a dia 


phragm with anything that might heave fallen upon it 


TO BE CONTINUED 






































The Moon. 


THE MOON. IV. 
Wa. W. PAYNE. 


FoR POPULAR ASTRONOMY 


The articles that have been already published in this magazine 
on this topic will be found by reference to pages 16 and 289, 
Volume I, and page 67, Volume II. The first and second articles 
present a brief historical review of lunar study down to the time 
of the invention of the telescope. The third considers the dis- 
tance of the Moon, its size, period of revolution around the 
Earth, form of its path in space as compared to that of the 
Earth, its mass, density, surface attraction and its physical con- 
ditiou in part due to the absence of a lunar atmosphere compar- 
able to our own. 

We now wish to begin a more detailed study of the surface of 
the Moon and to learn, if possible, from its curious markings 
something about their origin, the causes that have produced 
them, their relation to one another in time as cause and effect, 
the changes of its physical features, its permanent surface out- 
lines and its supposed sources of possible final decay and dissipa- 
tion. 

Since the invention of the telescope it has been easy to study 
the features of the lunar surface turned towards the Earth be- 
cause the Moon is comparatively near us. Generally its markings 
are large and distinct, its mountain and crater shadows are black 
and its high plateaus, peaks, ridges and streaks are exceedingly 
bright. Its broad, dark valleys, commonly called seas are de- 
pressions in the general surface, and, although they vary consid- 
erably in degree of shade, they are never black like mountain 
shadows, or bright like lunar streaks or high ridges. Moreover 
the details of these great valleys are easily seen by the aid of the 
telescope, and their study increases materially our knowledge of 
the surface structure. 

Our readers generally know that nearly the same hemisphere of 
the Moon is constantly presented towards the Earth. That ts 
to say, about forty cne-hundredths of the lunar surface is 
always in sight, another equal amount is never seen, and half of 
the remaining eighteen hundredths is always needed to make up 
the visible hemisphere at any time. The cause of this slightly 
shifting motion of the Moon in reference to the Earth is known 
to be due to the inclination of the Moon’s orbit to that of the 
Earth, and also to the unequal motion of the Moon in different 
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parts of its orbit, while its rate of rotation on its axis is con- 
stantly uniform. 

When we look at the Moon with the naked eve, from quarter 
to full, the dark and light portions of its surface stand out 
in lively contrast, and almost anyone can see “the man of 
the Moon,” or “the face’? with prominent features in outline, as 
some people prefer to say. These are the great divisions of the 
lunar surface, consisting of the low plains and the high plateaus 
and the mountain ranges. The low plains are dark in hue be- 
cause they are comparatively low, and the plateaus and moun- 
tains are bright because they are high. D.fference in altitude, 
however, will not explain all differences of color, as we shall more 
fully see further on. We also know that terrestrial mountains 
and valleys and low plains, at distant view, have different hues 
in sunlight both because of difference in elevation and difference 
of material. The same thing is probably true respecting like feat- 
ures of the Moon, though the proof is still wanting to determine 
definitely the particular causes for the variation of color on the 
Moon’s surface. If the astronomer has not been able to carry 
forward as fully as he would like the study of the color of partic 
ular portions of the Moon’s surface, he has been able to learn 
something of its light as a whole. He knows that its quality is 
simply reflected sunlight. Though he can not measure its quan- 
tity very closely, he is quite satisfied to say that its brightness 
is about six hundred thousand times less than sunlight. Its 
quality he certainly knows by the aid of the spectroscope, and its 
brightness he determines by photometric methods of study. The 
reflecting power of the general surface of the Moon was long ago 
estimated by Sir John Herschel to be about the same as that of 
“rather light sandstone,’ which is quite in accord with the sup. 
position that the Moon was formerly part of the Earth ac- 
cording to the nebular hypothesis. But to the thoughtful reader, 
the most surprising thing in these results probably is the large 
number of 600,000 that gives the comparative brightness of the 
light of the Sun and Moon. If on a clear night of full moon- 
light, ordinary eyes will easily read the print of a newspaper by 
such light, it seems scarcely possible that the difference can be so 
vreat,and yet this ratio isthe result of best work in this direction, 
as far as we know, and it is also pretty nearly the mean of the 
results obtained by different observers using different methods. 
This average reflecting power of the materials that make up the 
surface of the Moon is called its albedo. In other words the 
Moon reflects a little more than one-sixth of the light that falls 
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upon it, more exactly 0.174. The albedo of the surfaces of the 
planets and satellites is determined by photometric observations, 
by comparing them with a real or an artificial star, or with that 
of the surface of some planet. The methods now in use will be 
particularly described in articles soon to appear in this publica- 
tion. 

We pass, for the present, the consideration of the heat which 
the Moon sends to the Earth, because it may better be studied 
later, in view of some most interesting results that have been 
recently obtained by the aid of most refined physical instruments, 
and also because it is now known that different portions of the 
Moon’s surface, as well as different lunar phases, send to Earth, 
in a given time unequal amounts of heat. 

We now come to the study of the structure of the lunar surface 
particularly, as astronomers have observed it by the aid of 
powerful telescopes and have carefully reasoned upon what they 
have seen. If the nebular hypothesis be true, how are we to 
think of the formation of a cold, solid surface of rock like that 
which the Moon now has, from substances in the form of vapors 
or gases, once raised to a temperature so high as to be incandes- 
cent and self-luminous like the Sun? Is there a course of plain 
reasoning that anybody may understand, which will enable the 
reader to pass from the early condition of our satellite, as a 
flaming star, to that of a dead, lifeless, frigid rock, probably in 
its last stage of possible existence ? 


THE STABILITY OF THE EQUILIBRIUM OF THE OCEANS. 


FoR POPULAR ASTRONOMY 

Certain dynamical principles relative to the equilibrium of the 
sea are so interesting and so little known to the general reader, 
that it has appeared worth while to discuss them in PorpuLar 
ASTRONOMY. 

We are generally accustomed to think of the earth as a solid 
globe of a spheroidal form, and to consider its rotatory motion, 
with the resulting astronomical phenomena; but we ought in 
reality to remember that instead o. being a rigid solid, the body 
of the earth is a fluid mass of great viscosity. Around this glob- 
ular viscous mass, which may for practical purposes be re- 
garded as very nearly solid, there is spread a vast mass of fluid 
which makes up the atmosphere and the oceans. 
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As the profound researches of Lord Kelvin and G. H. Darwin 
on the long period oceanic tides show that the Earth’s mass as a 
whole is ‘“‘ more rigid than steel but not quite so rigid as glass,” 
we may in the present discussion consider the Earth as a solid 


spheroid surrounded by a mass of fluid kept in equilibrium by the 


pressure and attraction of its parts. Among the many import- 
ant problems illuminated by the sublime genius of Laplace, not 
the least interesting is that which treats of the equilibrium of the 
sea, and the conditions which render this equilibrium stable 
Laplace has treated this question with a very pretound analysis 
in the Mécanique Céleste, and has shown that the stability of the 
equilibrium of the sea depends upon the circumstance that the 
waters of the ocean have a smaller density than that of the solid 


spheroid around which they are wrapped in thin, irregular layers 
of variable form and depth. 

Airy, in his classic work on ‘‘ Tides and Waves,’ contributed to 
the Encyclopedia Metropolitana and now unfortunately very 
rare, has shown how the result deduced by Laplace analytically 
can be arrived at in a simple geometrical manner. We may prove 
that the equilibrium of the ocean is stable provided the density of 
the land is greater than that of the water, but is unstable if the 
density of the sea surpasses that of the earth, by a very simpk 
train of reasoning. 

Following the method of Airy, we shall suppose the solid earth 
to be more dense than the mass of fluid by which it is surrounded 


en — \t any instant let the 
7 form of each mass be 
Ps 

Ya that of a sphere, the cen- 
/ ter of the terrestial sphere 
/ being at A, while the cen 
P ter of the aqueous sphere 

) . oun . 
= is at B. To find the at 
| R —/a traction of the whole we 

j . cf _ ‘ 

| conceive the large sphere 
\ to be filled with fluid of 
\ the same density as 


water, and then conside1 
\ the small sphere as hav- 
ing,in addition, a density 
e equal to the excess of 
the density of the earth 
Fig.1. over that of the sea. 
It is well known that the attractions of each of these spheres 





















180 The Stability of the Equilibrium of the Oceans. 
are directed toward their respective centers, and, as Newton 
proved, would be unchanged if their entire masses were collected at 
these points. Thus a particle p on the surface will be drawn by 
the action of the aqueous sphere in the direction pB; while the 
other sphere, representing the excess of the sphere of earth over 
an equal sphere of water, would draw the particle in the direction 
pA. Representing these forces by pa and pb, their resultant will 
be a force in the direction pe. But this force pe is not perpendicu- 
lar to the surface at p,since the normal is here pB; and the inclin- 
ation of pe from the normal will tend to carry the particle 
towards e. This same reasoning holds good for every particle at 
the surface, and hence we see that the attraction of the whole 
mass tends to carry the water toward that part where it is at 
at present deficient, and the result will be an equal and symmet- 
rical distribution of the fluid around the solid nucleus. From 
these considerations it is evident that if we suppose the solid 
nucleus displaced from the center of the fluid mass by which it is 
surrounded, the action of the whole will be such as to restore the 
core to its central position and render the fluid a uniform layer 
concentric with the nucleus. The equilibrium will be stable only 
in this configuration 

When we come to apply this reasoning to the earth we ob- 
serve that the density of the terrestrial spheroid is at least 5.5 
that of the sea, and hence the central nucleus has a density at 
least 4.5 greater than that of the mass of fluid by wl ich it is sur- 
rounded. Therefore if for any cause the ocean be unsymetrically 
arranged about the solid earth, it will tend to adjust itself in ac- 
cordance with the conditions of equilibrium previously indicated. 

In the formation of the terrestrial globe the heavier elements 
have settled towards the centre and divided themselves into suc- 
cessive layers arranged in the order of their densities, so that at 
present the equilibrium of the sea is established. The mass of 
fluid constituting the ocean is wrapped around a solid globe en- 
dowed with a rapid rotation, and the two masses are adjusted 
to the condition of periectly stable equlibrium. If we suppose an 
earthquake or some other catastrophe to disturb this equili- 
brium, it is clear that whatever temporary disaster might result 
from the supposed derangement, the accustomed order would 
soon be restored by the law above indicated, and the figure of the 
sea would again become stable. Such is the marvellous provision 
of universal gravitation for the stability of the world, as made 
known by the genius of Laplace. I[t is clear that without this 
investigation we could not have the least assurance of the stabil- 
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ity of the oceans which cover three-fourths of the solid terrestrial 
spheroid ; and we might be lead by mere fancy to suppose that a 
disturbance of the figure of the earth would result in a destruc- 
tion of all the conditions which perpetuate life upon the planet. 
Let us now consider a case where the fluid is denser than the 
solid nucleus which it covers. Here we may conceive the larger 
sphere to be filled throughout by a fluid of a given density, and 
then we must regard the small sphere as filled besides with a 
repulsive substance. The particle p will then be drawn by the 
— { larger sphere in the 
R direction pB, or ph, 
but will be repelled 
by the repulsive sub- 
stance imagined to 


c ~“ fll the smaller 
, \p sphere in the direc, 
B - tion pa. The total 


force exerted up p 
will therefore be rep- 
resented by pc, 
which acts in a di- 


\ rection inclined to 
the normal pB on 
the side opposite to 
that where the nu- 

hig. 2 


cleus is denser than 
the surrounding fluid. Hence the action of the whole mdss will 
tend to carry the particle towards the side f where the fluid is 
already heaped up; accordingly the arrangement of the fluid will 
become still more unequal than it is at present. Therefore we 
conclude that if the density of the fluid surpasses that of the 
solid nucleus the equilibrium will be unstable, and even if the two 
masses be concentrically adjusted the slightest disturbance will 
cause the fluid to pile up on one side of the nucleus which will pro- 
trude its opposite face above the surface of the receding liquid. 
From this we see that if the oceans were converted into quick sil- 
ver and the terrestrial spheroid were to retain its present density, 
the fluid surrounding the earth would be in 
brium, and the slightest disturbance, such as an earthquake or 
the tides arising from the disturbing action of the Sun and Moon, 
would cause this liquid sheet to pile up in one great mass, which 


an unstable equili- 


might roll about over the earth whenever new conditions of 
equilibrium were brought about by the action of extraneous 
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forces. The present oceans would thus be largely exhausted by 
the superior attraction of the fluid for itself and the earth would 
protrude from the mass of mercury; or, what is the same thing, 
the dense and unstable fluid would not spread around the entire 
Earth, as do the present waters of the sea in their admirable ad- 
justment to conditions of permanent stable equilibrium. 

From the foregoing considerations it is clear that if the solid 
nucleus be of exactly the same density as the fluid by which it is 
surrounded, the equilibrium will be indifferent. In this case the 
particles will remain at rest however the nucleus is placed in the 
mass of fluid, provided only that it does not protrude above the 
surface. 

These laws of equilibrium are general throughout the universe, 
and we may infer that the fluids which cover the planets are 
arranged in the order of their densities. By this arrangement 
Nature has secured the stability of the world, and set fixed 
bounds which confine any disturbance that may arise from the 
action of extraneous forces. If the equilibrium is disturbed the 
forces which are called into play soon re-establish the accustomed 
order. 

We may discover from the foregoing considerations why the 
masses of fluid called nebulze generally decrease in density from 
the center to the surface; this is the criterion for stable equili- 
brium and the mass will not take a fixed form until this condition 
is fulfilled. If, therefore, the nebula are arranged in any other 
order as respects their densities we may be sure the equilibrium is 
not stable, and that the figure of the fluid mass is undergoing 
gradual transformation owing to the pressure and attraction of 
its parts. Thus simple mechanical principles established by 
mathematicians relative to the equilibrium of the sea enable us 
to throw light upon the action of gravity in the most remote re- 
gions of the heavens, and give us a sound physical explanation of 
numerous phenomena disclosed by the telescope 

The more protound consideration of these and other phenomena 
resulting from the action of universal gravitation upon the solid 
and fluid masses composing the solar and stellar systems and 
other bodies existing in space, coustitutes the province of the 
great science of Celestial Mechanics or Physical Astronomy. 

THE UNIVERSITY OF CHICAGO, 

1895, Nov. 15 
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THE GRAPHIC CONSTRUCTION OF ECLIPSES AND OCCUL- 
TATIONS. 


WM. F. RIGGE, S. J 


FOR POPULAR ASTRONOMY 

The object of this series of articles is to show amateurs and 
students of astronomy an easy and rapid method of investigat- 
ing and predicting the eclipses and occultations visible at a given 
place, from the data furnished by the American Ephemeris. As 
this work has been so often referred to in the pages of PopuLAR 
AsTRONOMY, there is no need of our saying any more in explana- 
tion than this: that as eclipses and occultations are visible only 
over certain portions of the Earth’s surface and are never seen 
everywhere under the same circumstances of time, duration, 
magnitude and the like, it is impossible for the Ephemeris to do 
more than give certain general data for the whole Earth, which 
we are then to make use of and adapt to our own position. 
How the Ephemeris obtains these data is beyond the scope of 
these articles, but how we are to find and how to use them for 
our own place, is the ohject we have proposed to ourselves. We 
shall try to explain matters as clearly as possible, even at the 
risk of repeating things often explained before, and we hope to 
be able not only to convince our readers that moderate mathe- 
matical attainments, with a still more moderate allowance of 
time are amply sufficient for the purpose, but also to induce those 


who are fond of geometrical drawing to spend some of their 
leisure time on a most interesting subject. The construction of a 
solar or lunar eclipse with the appearance presented by the Sun 
or Moon at any time during the eclipse, the passage of the Moon 
over a bright star or a planet such as Venus or Jupiter, her 
course through a cluster of stars like the Piciades or Przesepe, is 
a theme as full of interest as it is simple, for little more than 
circles and straight lines enter into their construction on paper 

We propose, therefore, to treat the graphic construction of 
eclipses and occultations under these heads: 1. Lunar Eclipses 
2. Solar Eclipses. 3. Occultations. 4. Occultations of Clus 
ters. 5. Rapid Method of Predicting Occultations. 6. Solar 
Eclipses for the Earth Generally, or Construction of clipse 
Maps. And in order that the reader may have a fair idea of 
what is requisite for the profitable understanding of these pages, 
let us at once state the entrance examination for the course. We 
shall be very liberal even in essentials. 
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1. In astronomy we must presuppose a general knowledge of 
elementary terms and definitions, such as right ascension, declin- 
ation, mean and apparent solar time, parallax, and the like, 
which are to be found in the first chapter of every elementary 
text-book of astronomy. 

2. In mathematics we shall not require anything 
spherical trigonometry, and even in that little more 
ments. Analytical geometry and the calculus are 


higher than 
than the ele- 
not needed. 
Logarithms will be used sparingly, a four-place table being 


amply sufficient. And we shall always graciously concede the 


privilege of consulting the text-book in case memory should not 
serve one. 

3. Those who wish to construct and compute eclipses and oc- 
cultations for themselves ought to possess or have access to the 
American Ephemeris. This book may be obtained directly from 
‘“The Nautical Almanac Office, Washington, D. C.,’’ nearly three 
years in advance of the time for which it is to be used, thus giv- 
ing us all the leisure we may desire in our work. But for the 
convenience of those who cannot procure the book, we shall, in 
our articles, copy the necessary data in order that all may see 
how they are used. 


4. Lastly, as the graphic construction of eclipses and occulta- 
tions is essentially a mathematical drawing, we need a few 
simple drawing instruments, such as compass, dividers, plotting 
scale, protractor, ruler and triangular square. A little ingenuity 
can easily do without or supply a missing instrument. 

The last two conditions are necessary only for those who wish 
co plot the eclipses or occultations for themselves. Even if the 
reader have no such intention, we trust the knowledge acquired 
by the perusal of these pages will repay the time he may devote 
to them. Study is, of course, necessary for the acquisition of 
any knowledge whatever. Time is no less so. But there are 
rapid methods, and there are time-saving devices which expe- 
rience alone can suggest, and the writer trusts that many such 
will be found in these pages. He would refer in particular to the 
fifth article of the series which, with the necessary preparation 
and practice, will enable one to determine all the elements of an 
occultation in five minutes, while the method generally given re- 
quires at least an hour. Of the truth of this fact we must allow 
the reader to judge. 


I. LuNAR ECLIPSES. 


A lunar eclipse is produced, as we all well know, by the passage 
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of the Moon through the Earth’s shadow. The Moon is a 
sphere, and the Earth’s shadow is a cone, whose base is a great 
circle of the Earth, and whose vertex is always opposite the Sun 
and at a distance of nearly three times the distance of the Moon. 
Since the cross-section of the shadow constantly diminishes as 
it recedes from the Earth, and since the Moon’s distance from the 
Earth varies within certain limits, it follows that for a given 
eclipse we must know the diameter of the shadow at the place 
where the Moon crosses it, as well as the diameter of the Moon 
itself, and the velocity and direction of its motion, and the time 
of its passage through a definite point. 

After this necessary fixing of our ideas, let us at once simplify 
the problem by dismissing solid and using only plane geometry. 
Let us imagine a plane passed through the Moon’s centre and the 
Earth’s shadow, parallel to the background of*the sky. The 
section of this plane with the shadow is a circle, for any devia- 
tion owing to the Earth’s want of perfect sphericity is altogether 
insensible in practice. The Moon’s disk is also a perfect circle. 
Distortion and displacement by refraction cannot enter our dis- 
cussion, because refraction would distort and displace the Moon 
and shadow equally, and thus not affect their relative positions 
and magnitudes. 

In order that the reader may follow the construction with 
more satisfaction, we shall take a particular eclipse, that of Aug 
22, 1896, and plot that completely, and then add whatever may 


be different in other eclipses. The data for this eclipse are to be 


found in the American Ephemeris for 1896, on page 413. They 
are as follows: 
PARTIAL ECLIPSE OF THE Moon, AuGusr 22, 1896. 
Greenwich mean time of 9 in right ascension, Aug. 224 19" 32™ 3°.4 
h m ; s 

Sun’s right ascension............10 10 44.30 Hourly motion...... ..... 9.20 

Moon’s right ascension........22 10 44.30 Hourly motion ee ee 
Sun's declination................. 11 15 37.3N Hourly motion.... . ©2312 6 
Moon’s declination............ 10 38 44.8 $ llourly motion retinssensek ee 
Sun's equa. hor. parallax.... S.7 Sun's true semi-diameter...15 49.6 
Moon's equa. hor. parallax 55 4.2 Moon's true semi-diameter14 59.6 


Moon leaves shadow.......... 


d h n 
Moon enters penumbra...... August 22 16 6.7] 
Moon enters shadow...... ve 22 17 24.5] 
Middle of the eclipse............ 22 18 57.7;Greenwich Mean Time 
30.4 


Moon leaves penumbra : 22 21 47.9 
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CIRCUMSTANCES OF THE ECLIPSE. 


Contacts of Shadow Angles of Posi- The Moon being in the Zenith 
with Moon's limb tion from North in Longitude in Latitude. 
point from Greenwich. 
First 101 to E 81 26 W a 62S 
Last 153 to W 126 35 W 10 26 
Magnitude of the eclipse = 0.735 (Moon’s diameter = 1.0). 


These data will probably not offer any difficulties. Those that 
relate to the Sun’s and Moon’s position, motions, parallax and 
semi-diameter have been obtained by computation from other 
parts of the Ephemeris, and have been collected here for the sake 
of convenience. The sign § means ‘‘opposition,’’ that is, a dif- 
ference of 180°, or of twelve hours, of right ascension. Thetimes of 
the phases have been computed from the given positions and mo- 
tions of the Sun and Moon, and it is our purpose to obtain the 
same times from the same data by a simple graphic construction. 
The times given by the Ephemeris will then serve as checks upon 
the accuracy of our work. The circumstances of the eclipse we 
shall explain and obtain for ourselves later on. 

We would now refer the reader to the diagram accompanying 
this article. For the sake of convenience and to encourage our 
non-mathematical friends, the entire calculation has been printed 
beneath it. 

Shadow and Penumbral Circles. We begin the construction by 
drawing two lines at right angles to one another. They are 
called the axes and their extremities are lettered N, E, S, W, the 
cardinal points, with W on the right hand, because we wish to 
represent on paper what we expect to see in the sky. With the 
intersection of the axes, C, as centre, we draw a circle to repre- 
sent the umbra or shadow of the Earth. The radius of this 
cirele, CB, is equal to the equatorial horizontal parallax of the 
Moon, plus that of the Sun, minus the Sun’s semi-diameter. We 
shall not delay upon the proof of this, as it is to be found in al- 
most all text-books of astronomy. This theoretical or mathe- 
matical semi-dia:neter must be increased by about one-fiftieth of 
its value on account of the Earth’s atmosphere, in order to ob- 
tain the practical semi-diameter as actually observed in eclipses. 
Some astronomers increase it by one-sixtieth, others by another 
amount. These slight differences, however, will not be sensible 
upon our diagram. 

As to the scale of our drawing, we may remark that a thou- 
sand seconds of are to an inch or half inch will be found to be 
very convenient and sufficiently accurate. The diagram accom- 
panying this article was drawn with a thousand seconds to half 
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an inch, but had to be reduced in erder to fit it to the page of this 
periodical. 

Opening our compass therefore to CB = 2410” (see the quanti- 
ties below the diagram), we draw the Earth’s shadow circle. The 
reader mar notice that we have dropped the tenths of a second 
given by the Ephemeris, putting the Moon's parallax equal to 
55’ +” instead of 55’ 4’7.2, and the Sun’s equal to 9” 


tt — 


instead of 
our plotting scale can give only thou- 
sandths of the unit we have chosen, that is, only three figures, 
the 2, the 4, and the 1 of 2410. The last figure happens to be 0, 
but whatever number it might be, it would be beyond the power 
of our scale,except in as much as we might increase the preceding 
figure by 1 when the last figure is more than 5. As this last fig- 


8’’.7. The reason is this: 


ure represents whole seconds, the uselessness of taking tenths of 
a second is evident. 

The penumbral cirele with radius CL may next be drawn. The 
penumbra, we know, is a cone with its vertex between the Earth 
and Sun. It is tangent to the Earth, and constantly increases in 
diameter as it recedes from the Earth towards and beyond the 
Moon. The difference between the semi-diameters ot the penum- 
bra and umbra, that is, between CL and CB, is always equal to 
the Sun’s diameter BL. Hence, instead of subtracting the value 
of the Sun’s semi-diameter from the sum of the parallaxes of the 
Sun and Moon, as we did to obtain CB, the radius of the umbra, 
we add it, and then increase the result by two per cent of its 
amount for the same reason as for the umbra. This gives 
CL 1348, or 435 On our plotting scale. The penumbral circle 
is drawn merely for the sake of geometrical completeness. It has 


no practical significance whatever 
The Moon's Path. The next thing is to draw the Moon's path 
across the shadow and penumbral circles This path within the 
limits that concern us is a straight line. We shall locate it by 
means Of one kuown point init and its direction. This known 
point is the point G, where the Moon crosses the line NS, that is, 
when it is in conjunction with the shadow 


il< 


or in Opposition with 
the Sun. It ts the point occupied by the Moon's centre at 19 
32" 3.4 Greenwich mean time. The Ephemeris gives all its 
data for this moment. The Sun’s declination at this instant be- 
ing 11° 15’ 37” north, the shadow’s declination must be 11° 15’ 
37” south, because it is always opposite the Sun. As the Moon's 
declination is 10° 38’ 45” south, it is less south than the centre 
ot the shadow, that is, it is north of it by 36’ 52” 2212’’. (See 
quantities below diagram). Hence CG = 2212, and G is north 
ot or above C on the drawing. 


be 
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The direction of the Moon's path is determined by the direction 
of the Moon’s motion with regard to the shadow. The Moon 
and shadow are both moving, each with its own velocity and in 
its own direction. As the Ephemeris decomposes these motions 
into those parallel to the axes, that is,in right ascension and dec- 
lination, we must recombine them in order to find the original 
motions. But instead of plotting the motions of Moon and 
shadow separately, we shall suppose the shadow fixed in space 
and then find the Moon's gain on the shadow. Both are always 
moving eastward, and the speed of the shadow’s motion is that 
of the Sun, but when the Sun moves south the shadow moves 
north, and vice versa. Hence as the Sun moves 0’ 51” south in 
an hour, the shadow moves that much north. As the Moon's 
hourly motion in declination is 13’ 30” north, its gain on the 
shadow is 12’ 39” = 759” north per hour. We therefore lay oft 
CP = 759 (that is 76 on our scale) north from C. 

Similarly, the Moon’s gain on the shadow in right ascension 
(see quantities below diagram) is 103°.6. These are seconds of 
right ascension or of time, but as the units of our scale are sec- 
onds of are of a great circle, we must first multiply by 15 to get 
seconds of are (because 1 15”) and then by the cosine of the 
Moon’s declination to get seconds of are of a great circle. The 
only logarithms necessary in the whole construction, are those 
used in this multiplication. Only four-place logarithms are 
needed because only three figures can be used on the diagram. 
We find OC = 1527. This should always be laid off from C 
towards the west in order that the Moon’s motion may be 
towards the centre of the shadow and not away from it. In 
this way the motion is always from Oto P, and no ambiguity 
can ever arise about the direction of the Moon's path. 

The components OC and CP being thus determined, the hy- 
potenuse, OP, will represent the Moon's hourly motion relative to 
the shadow both in direction and in magnitude. The numerical 
calculation of OP is not at all necessary, it may be measured 
directly on the diagram. We shall obtain only three figures, it is 
true, but we could not use the fourth if we had it. Hence, by 
measurement, OP = 1700, that is, 170 on our scale. 

Drawing a straight line through G parallel to OP, we have the 
Moon’s path. This may be done very accurately, if we lay off 
CP and CO two, two and a half, three, or any number of times 
on the axes. 

We must next determine the Moon’s position at the beginning 
of an hour. The Ephemeris says that the Moon is at the point 
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G, in opposition with the Sun or in conjunction with the shadow 
at 19" 32" 3°.4 or (taking only tenths of a minute) at 19" 32".1, 
Greenwich mean time on Aug. 22. In order to change this to 
Central time, or the time cf the 90th meridian, which is used in 
the Mississippi Valley by about one-third of the United States, 
we need but subtract 6" 0" O°. Therefore the time of the Moon’s 
being at G is Aug. 22, 13" 32™.1, Central time, or Aug. 23, 1" 
$2™.1 a4. M. In order to locate the Moon's position at 1"0" a.M., 
we must lay off 32.1 sixtieths of OP, the hourly motion, to the 
right of G, because the Moon’s motion is always from west to 
east. This distance GI, that is 32.1 sixtieths of OP, or 911(91 on 
our scale), may be found either by proportion (by using numbers 
or logarithms) or better still by dividing OP into six equal parts 
rr 10 minute spaces, and then, estimating tenths of these spaces 
or single minutes, measuring 32 minutes directly from this scale 
f hourly motion. The neglect of tenths of a minute will not 
impair the accuracy of our results, as we shall see later. Having 
the Moon’s position at 1 A. M., it will be easy for us to mark its 
position at other hours, and at every ten minutes 

Times of the Phases. Now we come to the most interesting 
part of the work, the determination of the times of the phases, 
that is, of the beginning, middle and end of the eclipse. Let a 
circle with the Moon’s semi-diameter (14’ 5977.6 = 900’) (see 
Ephemeris, or beginning of article) as radius represent the Moon 
ind let it move with uniform speed from west to east with its 
centre on the Moon’s path. The moment this Moon touches the 
penumbral circle, its centre will be at D, and the time denoted by 
I) on the Moon’s orbit will be found to be 10:6 p. M., Central 
time. When the Moon touches the shadow circle, its centre will 
be at F, that is, the Moon enters the shadow at 11:24 Pp. M. 
When the Moon is at K, nearest the centre of the shadow (Kk be- 
ing found by dropping a perpendicular from C to the Moon’s 
path), we have the middle of the eclipse at 12:57 a.m. At H the 
Moon leaves the shadow at 2:32 a. M, and at O leaves the 
penumbra at 3:49 a. M. 

In practice the points F and H, D and Q, are found by opening 
the dividers to CF = CH =—sum of semi-diameters of shadow 
and Moon (see quantities below diagram), and to CD = CQ 
sum of semi-diameters of penumbra and Moon; and then setting 
one leg on C and the other on the Moon's path. Or we may 
open the compass to the Moon's semi-diameter and try to find on 
the Moon's orbit the centre of the circle it will describe tangent 

to the umbral and penumbral circles. 
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When the eclipse is total, the Moon's entire disk enters the 
shadow, and then the moments of the beginning and end of 
totality are determined by finding the positions of the Moon's 
centre on its orbit when its disk is tangent internally to the 
shadow circle, or by opening the dividers to a distance equal to 
the difference of the semi-diameters of the umbra and Moon, and 
then setting one leg on Cas usual and the other on the Moon's 
orbit. As the eclipse we are considering is not total, the dividers 
thus opened would not reach from C to the Moon’s path. 

As half the Earth can see the Moon simultaneously, and as all 
that can see the Moon will see it eclipsed to the same extent and 
at the same absolute time, a lunar eclipse differs from a solar 
eclipse and an occultation in this that it is not a local phenome 
non. For this reason it is possible for the Ephemeris to give the 
times of the phases in Greenwich or in any time, whether Green- 
wich be on the hemisphere facing the Moon or not. We have 
thus converted Greenwich into Central time by subtracting 
6" 0" O-. In order to obtain Eastern time we must add one how 
to the Central times given in the diagram, and for Mountain and 
Pacific times we must subtract one and two hours respectively. 
Thus the eclipse will begin, that is, first contact with the shadow 
will occur at 5:24 a. M., Aug. 23, Greenwich time; at 12:24 A. M., 
Aug. 23, Eastern time; at 11:24 p.M., Aug. 22, Central time; at 
10:24 p.m., Aug. 22, Mountain time; and at 9:24 p. M., Aug. 22, 
Pacific time. 

Magnitude of the Eclipse. The magnitude of the eclipse is the 
fraction of the Moon’s diameter obscured at the middle of the 
eclipse. It is found by taking the ratio of the immersed part MR 
to twice MK, the Moon’s diameter. By measurement we find 
MR = 1320. Dividing this by twice Mk, that is, by twice 900, 
we find that 73 hundredths of the diameter are obscured. Hence 
the magnitude of the eclipse is 0.73, the Moon’s diameter being 
unity. 

In a total eclipse the magnitude is generally greater than unity 
We shall never make a mistake in our measurement of the magni- 
tude of an eclipse if we put the letter R on the intersection of the 
line CK (produced if necessary) with the circumference of the 
shadow circle, and the letter M on the intersection of the same 
line with that part of the Moon’s limb which is nearest the 
centre of the shadow, and then take the ratio of MR to twice 
Mk. 

Position Angles. It is very important to know exactly at 
what part of the Moon’s disk the contact with the shadow will 
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occur, in order that we may be able to confine our attention to 
that spot instead of being obliged to watch the whole circumfer- 
ence of the glaring full Moon. The contact of two circles is on 
the line joining their centres, hence the Moon's disk will touch the 
shadow on the line FC, which makes an angle of 101° (1 


Vv meas 
urement) with the line drawn from F parallel to NS. 


The posi 
tion angle of the point of first contact with the shadow is there- 
fore N 101° E or S 79° E, and that of last contact similarly 
N 158° W or S 27° W.) The north point of the Moon’s disk is the 
samme for all observers. It is that point where a line drawn fron 
the Moon’s centre towards the north celestial pole cuts the cir- 
cumference. The north point coincides with the uppermost point 
or the vertex only when the Moon is on the meridian Before 
meridian passage the north point is to the left of the vertex, and 
after it to the right. The angle between them measured at the 
Moon’s centre is called the parallactic angle. This is essentially 
a local quantity, as it depends upon the declination and hour- 
angle of the celestial body and the latitude of the observer 
There is no simple method of measuring it on our diagram of a 
lunar eclipse, because that, as we have said, is not a local phe- 
nomenon. But we shall meet it again in solar eclipses and occul 
tations, and we shall there be able to measure it directly on our 
diagrams. 

Accuracy. We may now compare our results given at the 
bottom of the diagram, with those given by the Ephemeris in 
order to test the accuracy of our work. We shall find that the 
graphic construction if carefully made will differ scarcely more 
than a minute from the times given by the Ephemeris, which have 
been obtained by a rigorous computation. As the contacts can- 
not be observed more closely than to the nearest minute, we have 
all the accuracy that is necessary. Moreover, for the sake of sim- 
plifying matters, we have supposed all the elements of the eclipse 
to remain constant with the values they have at 
conjunction, whereas they are all variable 


the moment ot 
But as this variation 
is small and uniform for several hours, the diagram will not 
show the difference, except perhaps at the penumbral contacts 
which it is altogether impossible to observe. Hence, the graphic 
construction, besides its great simplicity and saving of time 
gives us all the accuracy that we can use in practice. 
GEORGETOWN COLLEGE OBSERVATORY, 
Washington, D.C. 
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Moon enters Penumbra.......... 10 6™ p.M.\ 


i Aue, 22 | 
Moon enters Shadow. .............. 11 24 : { am a 
Middle of Eclipse............ cennebacies 12 57 a.m.) 11896 Central Time 
Moon leaves Shadow................ 2 32 “« }Aug. 23.3 
Moon leaves Penumbra........... 3 19 : | | 


ADJUSTMENT OF A SMALL EQUATORIAL. 
H. A. HOW! 


SECOND ARTICLE 
For POPULAR ASTRONOMY 

General Remarks. This article refers to an equatorial having 
divided circles. When one is ordering an equatorial he may have 
afew minor things made to his taste. The numbering of the di- 
visions on the declination circle will be found convenient if two 
opposite points are each numbered zero, and the divisions run 
each way from these to 90°. Then either vernier, whether the 
telescope be east or west of the pier, will always give the declina- 
tion of the object, after the circle has been properly adjusted. If 
a star be sonear the equator that the observer doubts which side 
of the zero on the limb, the vernier-zero should be set, the doubt 
may be quickly dispelled by moving the telescope a trifle, so that 
the point where the sight line prolonged strikes the celestial 
sphere moves toward the north celestial pole. If the circle read- 
ing decreases during this movement, the telescope is pointing 
south of the equator: if it increases the telescope points north of 
the equator. 

The hour circle may well have two zeros at opposite points, the 
divisions ircreasing each way from these up to 6". The observer 
will rarely set for an object more than 6" from the meridian, and 
thus either vernier will give the correct hour angle at once. In 
those cases when the hour angle of the object exceeds 6", the cir- 
cle reading will be found by subtracting the hour angle trom 12 
Thus for an hour angle of 8" 36", the circle reading will be 3" 24". 

The finder seems to have hitherto received too little attention 
at the hands of American instrument makers. It is usually 
placed too far up the tube: its eyepiece should be flush with the 
evepiece of the main tube: between the two eyepieces should be a 
clear space of 6 inches. The tube of the finder is usually made 
adjustable,so that the sight-line of the finder may be made paral- 
lel to that of the main telescope, but Sir Howard Grabb’s plan is 


Professor of Mathematics and Astronomy at University of Denver, Colo 








the reticle of the finder adjustable by two pairs of opposing 
screws, the arrangement being identical with that employed for 
the crosswires of a survevor’s transit. 

1. To Adjust the Finder. Choose a distant terrestrial object, 
and get it near the center of the field of view of the main tele- 
scope, using the lowest power. Replace the lowest power by the 
highest, and get the object in the center of the field. Clamp both 
axes of the instrument firmly and adjust the finder till the object 
is at the intersectionof the cross-wires. If a suitable terrestrial 
object at least half a mile away is not available, the pole-star 
will be the next choice. If, however, the instrument has a good 
driving clock, any bright star near the equator will be more con- 
venient, because of the difficulty of pointing the telescope at the 
pole-star. 

2. Preliminary Adjustment of the Circles. Set the zero of one 
vernier of the hour circle opposite a division on the limb, clamp 
the polar axis, and adjust the other vernier, if the maker has 
made provision for such adjustment, so that its zero is exactly 
opposite the zero of the first vernier. Perform the same opera- 
tion for the declination verniers. Unclamp the axis, place the 
telescope-tube vertical, as nearly as the eye will do it, and re- 
clamp the axis. If the reading of the hour circle is not close to 
zero, make it so by shifting the circle. In like manner the reading 
of the declination circle should equal the latitude of the place of 
observation. 

3. Theory of the Latitude Adjustment of the Polar Axis, and 
of the Adjustment of the Hour Circle. The angle between the 
polar axis and the sight line, when the telescope points toward 
the zenith is 90° — h, where h denotes the angle between the 
polar axis and the horizon. If then the telescope be rotated on 
the declination axis, the eyepiece moving southward and upward 
till the sight-line is parallel to the polar axis, each vernier of the 
declination circle will have traversed a distance of YO h on 
the limb (if the circle is not eccentric). If the instrument he then 
rotated 180° on the polar axis the sight-line will remain parallel 
to the polar axis, the reading of the declination circle will not 
change, and the telescope will be on the opposite side of the pier. 
Let the telescope be now rotated on the declination axis till it 
points to the zenith, the eve-piece being moved northward and 
downward: during this rotation each of the declination verniers 
will move over 90° — fh and in the same direction. Hence the 
total movement of the declination verniers will be 180° — 2h. 
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We can therefore find fin the following manner: Point the tele- 
scope toward the zenith and plumb it by means of a carpenter’s 
level, as described in last month’s article. Read both verniers of 
each circle. Turn the telescope 180° on the declination axis so 
that it points downward and plumb it again: read both verniers 
of each circle. Call the mean of these four readings of the declin- 
ation circle D. Reverse the instrument so that the telescope is on 
the opposite side of the pillar, and repeat the operation just de- 
scribed, plumbing it twice and taking four readings of each circle. 
Let the mean of the new readings of the declination circle be D’. 
If the declination circle is graduated continuously from 0° to 
360° the difference between D and D’ will equal 180° — 2h and h 
can then be computed. If the preliminary adjustment of the 
circles, explained above, has been made, and the declination 
circle is graduated as recommended in the first part of this article 
the mean of D and D’ will equal A. 

If hcomes out greater than the latitude the north end of the 
polar axis is to be depressed: if less, it is to be elevated: for in- 
stance, if the latitude be 43° 7’ and A be 43° 27’, the polar axis 
is to be depressed 20’. 

The mean of the four readings of the hour circle, if it be gradu- 
ated in the manner already recommended, should be 0" 0" O>, 

4. Examples of the Latitude Adjustment of the Polar Axis, 
and of the Adjustment of the Hour Circle. The separate read- 
ings of the circles of an equatorial are given below. The tele- 
scope is supposed first to be on the east side of the pier, objective 
upwards: its second position is the same, except that the eye- 
piece is up. In the third position the telescope is west of the 
pillar, with the objective up, and in the fourth position it is still 
west with the objective down. After the telescope is placed in 
the fourth position both axes are firmly clamped. 








Declination Circle. Hour Circle 

Position Vernier A Vernier 3 Vermer A Vernier 

’ r , h } i s 

I 39 43 15 39 43 45 0 0 48 » OY SO 

| 39 43 0 9 43 3 0 0 50 oO 0 5l 

III 39 45 0 39 45 15 oO 0 46 © 47 

lV 39 45 15 39 45 45 Oo VO 44 0 0 46 
Here D = 39° 43’ 22”’.5 and D’ 39° 45’ 18”..8. Their mean 


we call 39° 44’ 21”. The latitude being 39° 40’ 36” the eleva- 
tion of the polar axis is 3’ 45” too great. To correct this we ro- 
tate the telescope about the declination axis 3’ 45”, the upper 
end of the tube moving southward: this is done by turning the 
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screw for slow motion in declination, until the reading of vernier 
B which is now 39° 45’ 45”, as shown above, becomes 39° 4.2” 0”, 
The sight-line now strikes 3’ 45” south of the zenith. By means 
of the proper adjusting screw the upper end of the polar axis is 
now lowered until the tube becomes plumb again, as shown by a 
carpenter’s level placed on its north or south side. 

The mean of the readings of the hour circle given above is 
O' O" 475.8 (which we call 48°) when it should be 0" 0" O-. We 
have therefore to change the circle reading by 48°. The mean of 
the present readings of the verniers (Position IV) is O" O™ 45>. 
To diminish this by 48° move each vernier backward until its 
zero has passed the nearest zero on the limb and is 3> beyond it. 

5. To set the Declination Verniers. At the close of the preced- 
ing adjustment both axes were clamped, and the sight-line was 
vertical. The reading of the declination circle should, therefore, 
equal the latitude. Each vernier is then to be moved till its read- 
ing is as near 39° 40’ 36” as the observer can place it. A check 
on this adjustment is readily had by unclamping the declination 
axis, rotating the tube on that axis till the carpenter’s level 
shows that it is horizontal, and reading the declination circle. 
The reading of each vernier should then be the complement of the 
latitude, which is in this case 50° 19’ 24’, 

6. To Place the Polar Axis in the Plane of the Meridian. 
Make the hour circle read 0" and clamp the polar axis. If the 
instrument is accurately constructed, and the preceding adjust- 
ments are well made, the declination axis will be horizontal, and 
when the telescope is rotated about the declination axis the 
sight-line will describe a vertical circle, which must now be made 
to coincide with the plane of the meridian. This coincidence may 
be effected by using Polaris or 6 Urs Minoris, as set forth in 
last month’s article. If a sidereal time piece, the error of which 
is known, is at hand,as well as the Nautical Almanac, any one ot 
the four cireumpolar stars given in the Nautical Almanac may be 
used. 

We give an example of this method: 

The date is May 27, 1896, and the sidereal time piece is 53> 
slow. From page 306 of the American Ephemeris we find that 
Polaris crosses the meridian on the forenoon of the 27th, its time 
of transit being given as May 26.9. It will, therefore, be at 
lower culmination during the early evening hours of that night. 
Page 306 gives its right ascension on the given evening as 1" 20" 
6°. Therefore it will be at lower culmination at 13" 20" 6 of 


sidereal time. A comparison of the sidereal timepiece with one’s 
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watch shows that this culmination will occur about 9 P. M., a 
convenient hour. At 8:45 the observer sets the hour circle at 
zero, Clamps the polar axis, finds Polaris, and by turning the 
screw for adjustment in azimuth places Polaris in the center of 
the field, when his timepiece (which is 53° slow) reads 13" 19! 
is". 

Desiring to test the adjustment by means of a swiftly moving 
star he turns to page 339 of the Ephemeris and finds that ¢ Vir- 
ginis, which is almost on the equator, crosses the meridian at 
13" 29" 26°, at which time his time-piece will read 13" 28" 33>, 
Without unclamping the polar axis he sets the telescope at the 
declination of ¢ Virginis. If it is not near the center of the field 
of view at the computed time, a further adjustment of the instru- 
ment is advisable 


VARIABLE STAR CLUSTERS. 
EDWARD C. PICKERING 


Professor Solon I. Bailey, in charge of the station at Arequipa, 
maintained by this Observatory, has discovered from an examin- 
ation of the photographs obtained by him of certain globular 
clusters that they contain an extraordinary number of variable 
stars. This is not a general condition of stellar clusters, how- 
ever, for in others similarly examined by Professor Bailey no 
variable stars have been found. The photographs used in this 
discussion were taken at Arequipa with the 13-inch Boyden tele- 
scope. In the cluster in Canes Venatici, Messier 3 (N. G. C 
5272), no less than eighty-seven stars have been proved to be 
variable from an examination of ffteen photographie plates 
The change in every case is certain, and has been confirmed inde- 
pendently by Mrs. Fleming and the writer from an examination 
of six of these plates. Sometimes the variatior amounts to two 
magnitudes or more, and sometimes it does not exceed half a 
magnitude on the plates which were used for its confirmation 
No star was included in this count if either of the three observers 
doubted the variation. Nine other stars were found to be vari- 
able by Mr. Bailey, but they are not included since they did not 
show sufficient change on the plates used im confirmation. In 
like manner, from an examination of seventeen plates, Mr. Bailey 
found forty-six variables in the cluster Messier 5 (N. G. C. 5904) 
which were confirmed on five plates. Fourteen other stars in 
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this cluster are also probably variable but have not yet been con- 
firmed. This cluster is frequently described as 5 M Libre, pro- 
bably following Smyth. It is actually in Serpens, and very near 
5 Serpentis. Two variable stars have been confirmed in N. G. C. 
7089 from an examination of six plates, three in N. G. C. 7099 
from five plates, five with small range in N. G. C. 362 from three 
plates, and four in N. G. C. 6656 from three plates. On the other 
hand, a similar examination of two plates of each of the clusters 
N. G. C. 6218, 6397, 6626, 6705 and 6752 failed to detect a sin- 
gle variable star, several hundred stars in each case apparently 
having exactly the same brightness on both plates. As, however, 
these plates were taken within a few days of each other, only 
rariable stars of short period could have been detected on them. 
In general, no variables have been found within about one minute 
of the centre of the clusters on account of the closeness of the 
stars. None of these variables are more than ten minutes dis- 
tant from the centres of the clusters. In N. G. C. 5904 a circle 
110” in diameter contains sixteen stars, six of which, or nearly 
forty per cent, are variable. In the entire cluster about 750 
stars were examined and 46 found to be variable, as above 
stated, so that they form about six per cent of the whole. Of all 
the stars visible to the naked eye less than one per cent are 
variable. 

In 1890 Mr. Packer discovered two variable stars in the cluster 
N.G. C. 5904. (English Mechanic, Vol. LI, 378, Sidereal Mes- 
senger IX, 380, 281; X, 107). One of these variables was dis- 
covered independently by Mr. Bailey but is not included in the 
above lists. Several stars in this cluster were thought to be 
variable by Mr. Common (Monthly Notices L, 517; LI, 226). 
One of them is too near the centre, the others too distant to be 
included in the above discussion. The variable star discovered in 
the cluster N. G. C. 5272 by the writer in 1889 is also too near 
the centre to be included. 

Some of these variable stars have short periods, not more than 
afew hours. For instance, one of them, No. 12, which precedes 
the centre of N. G. C. 5904 by about three minutes of are. Five 
photographs of this cluster were taken on July 1, 1895, at inter- 
vals of an hour. The corresponding magnitudes of the variable 
as derived from these plates are 14.8, 13.5, 13.8, 13 9 and 14.3. 
Four plates taken on August 9, 1895, also at intervals of an 
hour gave the magnitudes 14.2, 14.6, 14.8 and 15.0. 

Right ascensions and declinations cannot conveniently be used 


for indicating the individual stars in close clusters. They can 
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only be found readily from photographic or other charts on 
which they are marked. Such charts are now being prepared for 
publication in the Annals of the Observatory. Meanwhile 
marked photographs will be sent to such astronomers as may 
wish to study them. 
HARVARD COLL. Oss’y., Circular No. 2., 
November 2, 1895. 


LATITUDE BY ELONGATION. 


OTTO 1. KLOTZ 
FOR POPULAR ASTRONOMY 

My practical application of this method—observing the sum 
of the azimuths of two stars at elongation, one east and one 
west of the meridian—is due to an article by Professor Corti in 
the Sidereal Messenger of April, 1891. 

For exploratory surveys such as are made by the Department 
of the Interior, Canada, where a 6-inch Troughton and Simms 
instrument with striding level is used, the method commends 
itself, as well as for any case where larger instruments are not 
available. 

From my experience I would suggest to those who wish to 
apply the method:—be sure to have a good striding level; select a 
list of zenith stars, or ones as close to the zenith as possible, from 
the Nautical Almanac or preferably the Berliner Jahrbuch as it 
contains more stars; (from the sidereal time of mean noon given 
in the ephemeris we immediately see about what the sidereal 
time will be when we wish to begin observing in the evening so 
as to select the stars accordingly); from the known approximate 
latitude of the place compute the hour angle, azimuth and alti- 
tude for each star at elongation; and then arrange them in the 
order of time of clongation, both east and west. Observe for 
sidereal time, if not otherwise known, by transit of a time stat 
in the same vertical as J’olaris (my practise) or by an altitude 
near the prime vertical. A pointing on Polaris with a rough 
computation for its azimuth will give the meridian sufficiently 
close so as to allow finding the star at elongation by setting off 
its computed altitude and azimuth. I find it more satisfactory 
to observe at the computed time of elongation than to attempt 
to follow the star to the point of tangency with the vertical. 
However it is well to record the time of observation in case any 
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In the final computation the east and west stars may be 
grouped in different ways in pairs. 

With careful observations, well selected stars and the instru- 
ment referred to, the extreme difference in the resulting latitude 
from a list of stars—say ten—should be confined within about 
12 seconds of are. 

LATITUDE BY ELONGATION.—-ANALYSIS. 

We have 


* cos O 
sin A = 

cos p 

WA 

: >. Cas 6 
sn.A* = 

cos p 


whence 


tan 5 (A’— A) =tan : (A+ A’) tan : (6+6’) tan5 (6 — 90’) (1) 


t 


Lt 


Differentiating, we obtain 


&) 
* sec? § (A’ — A) (dA’ — dA) 


— 


= : sec? : (A + A’) tan : (do + 0’) tan . 


~ — 


(6 — 6’) (dA + dA’) 


) ‘ 


~~ 


Dividing by (1) we get 
dA’ —dA sin (A’ — A) 
dA’ + dA sin (A’ + A) 
whence 
dA’ _ sin (A’ — A) + sin (A + A’) _ tan A’ 
dA sin (A’+ A) —sin (A’— A) tanA 
therefore 
dA’ + da tan A’ + tanA 
dA tan A 
where dA’ + dA = observed error in azimuth, 7. e., of reading = dr, 
therefore 
tan .1 


dA Fe t+ tan A 


that is, the error in the deduced azimuth of one of the stars equals 
the error of reading multiplied by the factor 
tan A 
tan A’ + tan A 
which is always less than unity. 
From sin A = cos 6 see p 
we have log sin A = log (cos 6 sec P). 
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Differentiating we get 
cot AdA tan gdp 
therefore dp = cot ~ cot AdA 


Substituting the value found for dA we have 


1 


dw —dr . 
f (tan A’ + tan A) tan ~p 


That is, the error in latitude resulting from the error of reading 
of the sum of the azimuths of the two stars at elongation, 
equals the error in reading multiplied by the factor, 


1 
(tan A’ + tan A) tan p’ 


Now A and A‘ increase as 6 and 0’ decrease, and as the tangent 
increases with the angle, this factor decreases as 6 and 0’ de- 
crease; hence it follows that stars near the zenith are preferable 
to polar stars for determining latitude by observing the sum of 
the azimuths at elongation. Furthermore, it will be seen that 
the greater » is, other things being equal, the less will be the 
factor; or in other words, the method is especially applicable for 
the more northerly latitudes. 

If the difference of azimuth has been observed, both stars on the 
same side of the meridian, by a similar process we would obtain 


1 


dp dr’ > 
(tan A’ — tan A) tan @p 


In order to make this factor as small as possible it is obvious 
that (tan A’ — tan A) must be as great as possible, that is 6 and 
0” should be close polar and close zenith stars respectively. 

Comparing the two factors 


1 1 
- and , 
(tan A’+tan A) tan p (tan A tan A) tan pw 


it is evident that the second one is the greater numerically, hence 
the method of observing the sum of the azimuths is preferable to 
the one of observing the difference at elongation. 

When we have a number of results from different pairs of stars, 
we may obtain a weighted mean by multiplying each result by its 
respective factor tan A + tan A’, and dividing the sum of the pro- 
ducts by the sums of the factors. 
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REDUCTION OF OBSERVATIONS BY METHOD OF LEAST SQUARES. 


cos 6 = cos ~sin A 
Let R = reading on star when west of meridian, corrected 
for level. 
R, = reading on assumed meridian. 
R, + x = reading on true meridian. 
“. R,x—R+ x = true azimuth of west star 
=d,-+ x suppose, where d, is known for the star 
observed. 
Let », = assumed latitude. 
y, + vy = true latitude. 
Ps — latitude derived from 6 and d, 
so that cos 06 = cos @, sin dy 
then cos 6 = cos (wy, + y) sin (ds + x). 
= cos #, sin d, (cos y — tan w, sin y) 
(cos x + cot d, sin x) 
: cos 6 1 
cos y — tan @, sin y = ; : —; 
. : cos wm, sin ds “cos x + cot dg sin x 


or since x and v are small 


COs Y Ll—<— +..., sin y yv—-,.-4 
’ a - ° 6 


similarly for cos x and sin x 


v" cos 0 1 
*. l—y tan 9, —= +.... . : 5 
? 2 cos @. sin dy, Pe 
1+xcotd,— =; —... 
) 
y and x will always be small, not greater than 20” or ,,}5 9 in 
circular measure, hence their squares may be neglected. 
We have therefore 
cos 0 
1—vtan 5 (1—x cot d, ) 
. cos ¢, sin d, 
COS ¢e 
(1 — x cot d, ) 
COS ¢ 
‘_ysing x COS ¢, COt d, — cos ¢ COS ¢x 
For each western star we obtain a similar equation. 
Cos ¢, cot d,and cos ¢,—cos ¢, must be computed for each 


star. Since we have expanded sin v, cos y, sin x, cos x, x and y 
will be in circular measure and must be reduced to are by multi- 
plying by radius = 20626478, 


For a star east of the meridian, we have 


cos 0 = cos (wy, + v) sin (ds — x). 








Otto J. Klotz 203 


The effect will be to change the sign of x in the equation of ob- 
servation 


B é sin P,— X COS PY, COT d, = cos ~, — COS ¢x 
to ysin pg, + x cos Pp, cot d,. COS Y. — COS Px 
or y sin g, — x cos Pw cot dy = cos y, — cos Py 

ysin y, + x cos Py cot d,, = cos PY, — COs Hy; 


the condition equations. From these we form the normal equa- 
tions in the usual manner, and then solve for the unknowns x 
and y, or for the latter y sin ¢,. 

When y sin ¢, is known we get cos ¢ from the equation 


cos ¢ = cos ¢,— ysin¢ 


(where cos y= 1, and sin v—vin cos ¢ —cos ¢, cos vy — sin ¢ 
sin y) 

The best results for latitude are obtained when the co-eflicients 
of x are small. Now cos ¢w, cos ¢z¢ are almost all the same; the 
only quantities which can vary greatly are cot dy,cot dy. There- 
fore it is desirable to make dw, dy as large as possible, 7. e., by 
taking stars far from the meridian, or which is the same thing, 
stars whose azimuth is large at elongatian, in short zenith stars. 

For azimuth determination the converse is the case. After 
having found x we may correct the assumed reading RF, on the 
meridian by it. Combining this corrected reading with the read- 
ing for each star we obtain alatitude for each. ‘The mean thereof 
is the same as that found from cos ¢ cos ¢,—v sin ¢,. By 
means of the residuals we may find the probable error, in the 
usual manner, of a single latitude determination and also of the 
mean. Similarly if we multiply the residuals cach by its respec 
tive tan A, we obtain the error of reading for each star. From 
these latter errors another set of residuals may be formed by sub 
traction of the mean error, aud the probable error of an individ- 
ual reading found. 

By an investigation like the above caprices of the striding level 
(and many have them) may be discovered, for the reading on a 
star includes the correction for inclination of axis 

OTrawa, Canada 
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THE PLANETS AND THE CONSTELLATIONS FOR DECEMBER. 


As during last month, the planets at the beginning of December all lie in one 
half of the celestial sphere. All are above the horizon at sunrise. 


Mercury is still a morning planet rising Dec. 5 at 6:43 a. M. and setting at 
9.52 


2:53 Pp. M. He is passing behind the Sun and will be at superior conjunction on 
Dec. 20. Emerging from the Sun’s rays after that time Mercury will be “evening 
star” but will not be visible to the naked eve until next month. On Dec. 25 
Mercury will set only three minutes later than the Sun. 
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THE PLANETS AND THE ZODIAC FOR DECEMBER. 


Venus has been exceedingly brilliant during the past month, so brilliant, in 
fact, as to bring to lizht some telescopic ghosts which are ordinarily invisible 
One of these ghosts, which is approximately equal in diameter to the Moon, 
varying of course with the focal length and the curvature of the lenses of the tele- 
scope, isa little deceptive, since it moves with the image of the planet and gives the 
impression of a diffuse atmosphere. It arises from reflections between the sur 
faces of the object-glass. This ghost was very noticeable in our 5-inch telescoy 
with a power of thirty-eight diameters. An easy test for these large ghosts is to 
cover part of the object-glass with a card, when every ghost will be correspond 
ingly cut off, while the planets image will remain unchanged in form. 

Venus has just passed greatest elongation west from the Sun. The phase is 
now slightly gibbousZand slowly increasing, although the total brightness will 
slowly decrease on account of the increasing distance of the planet from the 
Earth. Venus rises on the 5th at 3:14, on the 15th at 3:30 and on the 25th at 
3:48 a.m. At present it is not at all difficult to see the planet in full sunlight, if 


one knows just where7to look. Venus and Saturn will be in conjunction, only 
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half a degree apart in declination, at 3 Pp. mM., Dec. 22. ( hat 2p.m 
Venus will be in conjunction with Uranus, two d 


a halt north of the 
latter. 


Mars rises a few minutes before six o'clock in the morniny. He is moving 
southeastward through Scorpio, and toward the end of the month will be a little 





way north of the red star Antares. 
Jupiter rises at 8:26 Pp. mM. Dec. 5, at 7:44 Dec. 15, and 7:00 Dec 25. 
foward midnight the planet is high enough for good observations Jupiter is in 
the constellation Cancer, the Crab, east of Gemini in a region where there are no 
bright stars. The belts of Jupiter are easily seen with 


a small telesce pe, there 
gencrally being two rather conspicuous dark belts, of a ruddy color, and, above 
and below them, other fainter bands. The so-called “Great Red Spot” is not 
easy to see now. Its place is indicated by a notch cut out of the edve of the south 
equatorial belt. The following are the times when the spot will be favorably sit- 
uated for observation in the United States 


h 
Dee 2 5 A. M De 17 «A.M 
3 awe 17 10p.M 
4 5 “ 19 fA M 
5 3 19 midi 
5 10P.M. 21 6 A.M 
7 4 A.M. 22 2 
7 midn. 22 Op 
9 O A.M 24 } M 
10 le 24 11lpoMm 
10 10P.M 26 5 A.M 
12 3 A.M 7 1 
i2 lip. 27 SP.) 
14 5 A. M. 29 2A 
15 pce 29 1TOPM 
15 9 Pr.) 51 $A 
16 6 A.M Ma. as 
Saturn rises about two hours before the Su t the beginning of the month 
ind about four hours earlier than Sun at the end of Decemb« The altitude of 
this planet will be insufficient for good obser, ns ies will be easily 
seen, 
Uranus is in Libra, about twelve dezrees southeas n Saturn, and not in 
good position for observation 
Neptune will be in opposition to the Sun Dec. 8. This planet is visible all 
night. Unfortunately it is too faint to be seen without a telescope and cannot be 


recognized by its disk except with large telescopes The place of Neptune on 


Dec. 15 is, Right Ascension 5" 2™; Declination north 21° 17’. This is in the con- 
stellation Taurus, half way between the stars f and 7 


ves at % consides ible expen 
diture of time and labor, in order that it might be circular and represent as 


We had « x pected 


Our star map this month was prepared by oursel 


nearly as possible the appearance ol the celestial he misphere 
to have the stars appear white upon a black background, but fouad it more con- 
venient in the reproduction to reverse the colors. Only the tars, down 


to the fourth magnitude are shown, except in the middle portion of them ip where 


a number of the fifth magnitude were inserted. Lines have been drawn connect- 


ing the principal stars of the constellations, which we ho 


pe will aid the reader to 
trace them. If the map be held overhead, face do 


wn, with the south point 











NOZINOH Isvq 


206 Constellations and Planets. 


directed towards the south, the constellations will be found in their proper rela- 
tive positions. 

Overhead at 9 o’clock p. M. are Andromeda on the west side of the zenith, 
Cassiopeia north, Perseus east and Aries south of the zenith. Toward the 
southern horizon are Cetus, the whale, and Eridanus, the river. Toward the 
southwest are Fomalhaut in the Southern Fish, Aquarius and Pegasus; toward 
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SOUTH HORIZON 


the west Delphinus and Cygnus; to the northwest Lyra, Cepheus, and Draco; to 
the north Ursa Major, Draco and Ursa Minor; to the east Canis Minor, Gemini 
and Auriga; southeast Orion, Lepus and Taurus. Sirius of Canis Major is just 
above the southeast horizon and Altair of the Eagle is just setting in the west. 
The greatest interest this month will probably attach to the constellation 
Cetus the Whale, which is on the meridian at 9 o'clock, because of the probable 
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Variable Stars. 





MIRA AND NEIGHBORING STARs. 


Fron photograph taken at Goodsell Observatory, Oct. 1 B95 Exposu l i 


outburst of light of the wonderful variable star Mira. The maximum of this 
star is due about Dec. 9, but as the period is somewhat irregular, this cannot be 
predicted with certainty. The place of Mira is plainly marked on the map so 


that no one ought to fail to find it when the star becomes bright. For the benefit 


of those who wish to identify the star now we reproduce the accompanying cut, 





showing the stars within an area of a degree and a half square about Mira 
This cut is made from a photograph taken at Goodsell Observatory, Oct. 17, 
1895, with an exposure lasting 1 hour with the Sin telescope It shows stars 
down to the Lith or 12th magnitude. Painter ones are s ywn upon the original 
The brightest stars shown in the cut are of about t Sth magnitude so that they 
can be seen only with the aid of a telescope e st e ct of the circk 
is Mira and the companion star is one of the ninth magnitude It is about 2’ 
distant from: Mira \t the time of our last obs tion, Nov. 11, Mira was 
about a half magnitude brighter than the mpat st 


Ephemeris of Short-Period Variables. 


The following ephemeris of variable stars of short period is given in the hope 
ot stimulating some effort toward their observation 

The times of maximum and minimum are computed from the elements given 
in Chandler's Second Catalogue, with the exception of the cases of 3 Lyre, which 
is taken from the Companion to the “ Observatory 


It is intended to continue this ephemeris4rom month to menth. 
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DECEMBER. 


[Greenwich Mean Time | 


2279 T MoNOCEROTIS. 7124 9 AguiLa 7483 T VULPECUL. 
Max. M , 
Max Min 1 ‘2 5 a Max. “en 
‘ 9Qr Q QF , _ we v0. . 
21.35 — 8.59 12.95 7.43 6.13 
15.76 19 61 11.87 10.57 
2509 € GEMINORUM. 22.93 26.78 16 30 15.00 
om 30.10 20.74 19.44 
Max. Min 95.18 923 88 
6.43 1.42 7149 S SacirTa: 29.61 OS 31 
16.59 11.57 — Min or aa 
26.74 Five 7.51 1.11 enve s a 
“‘ : 8073 6 CEP ’ 
135.89 12.49 r CEPHEI 
ES . 24..27 20.87 Max Min 
6758 P Lyre. 1.43 5.18 
Min 7437 X CyGNi. 6.79 10.55 
1.99 Max Min 12.16 21.28 
14.90 5.91 15 50 22.89 26.65 
27.81 22.30 31.89 28.26 
Dorchester, Mass., 1895, Nov. 8 PAUL S. YENDELL. 
Minima of the Variable Stars of the Algol Type. 
[Given to the nearest hour in Central Standard Time.] 
U CEPHEI. R CANIS MAJ ) LIBRLE. Y CYGNI Cont. 
1896. 1896 1S96. 1896. 
a h d h d h Even Epochs 
Jan. 2 s Jan 1 18 Jan. 4 S - 7 
d : g 6 = 16 Jan. 14 i 
12 7 7 11 11 15 14 7 
17 7 XS 14 18 15 20 ‘ 
22 7 9 17 25 14 23 7 
27 6 14 6 = 26 ‘ 
We 9 U CORON 29 7 
16 13 Jan. 2 g Odd Epochs 
ALGOL. 17 16 5 17 Jan. 3 11 
23 Ss 12 15 6 11 
Jan. 2 18 24 12 19 13 9 1i 
5 15 25 15 ee rae 12 11 
8 12 {5 18 Y CYGNI. 15 10 
11 & 1 7 Even Epochs 18 10 
14 5 {ANCOR Jan. 2 S 21 10 
25 17 Se 5 8 24 10 
28 13 Jan. & 11 8 7 2710 
31 10 rf 10 11 7 30 10 


Extended trom Dr. Hartwig’s ephemeris in the Vierteljahrsschrift. 


Marenvo, IIl., 1895, Nov. 8. J. A. PARKHURST. 


Errata in Chart of Stars about o Ceti.—On page 166 of this number 
the chart of stars about o Ceti is in error which was not observed until too late 
for correction. The degrees of declination on the edge of the Chart should have 
been numbe:ed so as to bring Mira between — 3° and — 4°, instead of — 3° and 


— 3°. 
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COMET NOTES. 


Discovery of a New Comet, c 1895.—A telegram was received Novem 
ber 18, announcing the discovery of a bright comet by C. D. Perrine at the Lick 
Observatory on the morning of November 17. The position of the comet at the 
time of discovery was Right Ascension 13" 44™ and Declination north 1° 40’, 
This would be in the constellation Virgo, northeast of Spica, between the stars 
Cand v Virginis. Nothing is stated as to its motion, but the comet is described 
as having a tail, so that it will doubtless be easily picked up. At the present 
writing we have been unable, on account of bad weather to look up the new 


comer. H.C. W. 


LATER.—Nov. 22.—The comet was observed this morning in right ascension 
13" 55™ 59%, declination south 0° 59’. It is thus moving southeastward, but not 
so rapidly as the Sun, so that relative to the Sun it is moving westward, and we 
may expect to observe it for some time. The comet was picked up with an opera 
glass, with which it appeared equal in brightness to the 5.38 magnitude star 90 
Virginis, which was at the time about a degree and three quarters west of the 
comet. The tail was barely visible with the opera-glass. In the 5 inch telescopx 


the comet was conspicuous, having a tail about a degree and a half long, spread 


ing gradually trom the head. In the 16-inch telescope the comet was seen to have 
g | ‘ 


a strong nuclear condensation equal in brightness to a 9.5 magnitude star. A 
small fan-like jet issued toward the Sun. The head of the comet was about two 
and a half minutes of are in diametet The eastern half of the tail was much 


brighter and longer than the western halt 


Discovery of a New Comet d 1895.—A tele; s just been received 
(Nov. 23) announcing the discovery of a bright comet by W. R. Brooks, directo1 
of Smith Observatory, Geneva, N. \ The comet was discovered Nov. 21.80 in 
right ascension 9" 51™ 50°, and declination south 17° 40 It is in the constella 
tion Hydra about 10° southeast from the star @ and abou +¢ lirect] outh of 
the star Regulus in Leo. It is moving in a northerly dire 


Observations of Faye’s and Swift’s Comets.—Professor Ormond 


Stone, with the aid of the 26-inch telescope of the Leander MeCormick Obsery 
tory, succeeded in not only seeing but determining the position of Fave's comet 
on seven nights in October. The observations have been published in The Astro 


nomical Journal. Professor Stone writes that he was also able to observe this 
comet on the nights of November 12, 13. 15,16 and 18 At Northteld, on the 
night of November 11 the sky was very transparent and we were able, for the 
first and only time to see and measure the position of Faye’s comet. It was an 


extremely difficult object with the 16-inch telescope, bearing only the slightest 





illumination of the micrometer threads. We observed Swift's comet on the same 
night and found it to be much fainter than in October, and nearly as faint as 


Faye's comet. s. <¢, w, 
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PRACTICAL SUGGESTIONS 


128. Isthere a work published on the manufacture of object lenses for tele- 
scopes? Are they made by hand or by machinery ? F. P. H. 

a. There are no special works that | know of devoted to the practical man- 
ipulation of the achromatic object-glass, although literature bearing on the 
subject may be found in many published works. Among this list I may name the 
following: Prechtl’s Dioptric, 1828; an excellent work in the German language, 
but it is now very searec Then comes The Telescope. by Dr. John Herschel, 
1861. Another by William Simmes on the Achromatic Telescope, 1852. Hand- 
book for the Artisan, Mechanic and Engineer, by Byrne, gives the ordinary 


methods of making lenses and also some data on lapidary work. Lasell’'s work 


on Polishing Specula, and Dr. Draper’s work on the silvered glass telescope 
are by far the best modern works on Practical Methods, although they 
are both devoted to the reflecting telescope; but as the working of the optical 


surfaces are essentially the same in the oject-glass, these two works will be found 
very useful—more so than any books | know of. For an amateur, perhaps the 


echanic and World of Science’ 


information than all the books that have ever been written. Mostly contributed 





pages of the ‘I 





whist 


contain more detailed 


by amateurs themselves, but at the same time giving a lot of data that will be 
found invalnable to the no 


ce in making an objective, evyepieces, etc. Then there 


are an excellent series cles in the same journal on the mathematics of the 
subject, by Mr. Bri yury, tha 


will be of great value to anyone interested in the 
subject. 


Unfortunately the information is scattered through fifty volumes of this 
journal, although it is a library in itself and a veritable mive of good things to 
the artizan. Perhaps all your correspondent would care tor will be found included 


in Vols. XXX to XL Any of the 


se works may by purchased through Gustav 
Stechert, S1O Broadway, N. \ 


b. Object-glasses are made both by hand and machinery, but object glass 
making of a high type is not making “ perfect ~ steel bails. There is a wonderful 
‘elastic limit’ to that word “perfect.” If a steel ball maker gets the balls 
spherical to within 1 2000 in. he is quite content; but an object-glass maker has 
to deal with at least two more figures in his denominator, and finds an error of 
1 100,000 in. cannot be tolerated in the composite curves of his objectives. 
Brains, patience and uncompromising accuracy alone will lead to ultimate suc- 
cess in such work. wa. o. 


GENERAL NOTES. 


Astronomy in High Schools, the article which is the leader for this 


month is full of excellent suggestions. It will be sent to thousands of teachers in 


the High Schools of the United States. Professor E. Miller, of the University of 
Kansas, has done the cause great service. 


o Ceti.—Amateur observers everywhere are astir about the approaching 
maximum of Mira, the wonderful variable star in the Whale. All readers will be 
interested in Mr. Parkhurst’s article and Dr. Wilson's notes and illustrations. 
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We have received letters from F. Bradbury, Tarrvtow1 n Hudson, N. Y., anc 
David Flanery, of Memphis, Tenn., giving useful data about this star 

The Variation of Latitude.—Tlx ‘ vy Erte Doolhttle, of Chicago 
University, on the variation of latitude, published in o ist number, attracted 
veneral and tavorable attention From the clearly stated results of e scientitie 
work on this most intricate problem, iastt ive edit ~ ending daily papers 
were written The Chicago Tribune Oct ra t ( 1 that was ad 

ably written. This is the closing parag 

his matter is of some practical importar lition to it eneetion’t ta 
erest The | atitucle with reterence to the extret ( t ‘ otro tion 1s 
the one obtained by observations of the stars tl wa variable quantity 
i fixed point on the surtace of the Earth will appear ) inve its latitude to a 
corresponding extent The result is a shifti ] | SI youndary 
lines between states and countries as have le leh | haw rotreaty to run 
long named parallels of latitude At the sat time it is not probable that 
where the bouadary hues have been marke | oy vations they 
will be changed in consequence of a deviation w Imittedly 1s a periodic one, 
ind the period limited to a few vears 

Keport of Total Eclipse of the Sun, observed April 16, 18938 at Mina 
Bronches, Chile, bv J. M. Schaeberle, astrono Lick Observatory has been 
received This report contains a description of the « mpanied b ' 
number of fine half ton plates show m 1 le hosen eclipse 
station, and various views of instrume obser ion. The 
frontispiece is a tine phote print iffere s obtaiwed during 
totality The latter pa rep ' s | ess Schaeberle’s views 
concerning the so-called ul thes t th 1 \t a later time we 
hope to bring out in brief and ear st n $ t ' views of thre 
constitution of the Sun including the ro 

Discovery of a New Comet, Brooks d 1895 —| ve the honor to ar 
nounce to the readers of PopuLar ASTRONOMY my discovery this morning, Noy 
Yist, 14 hours, of a new comet in the southeastern sk\ Discovery position was 
R.A. 98 51" 50%; declination south 17° 40’ wit! northerly motion. The comet 
is round, quite large and moderately bright telese WILLIAM R. BROOKS 

Smith Observatory, Geneva, N. \ Nov. 22, 18 


Account of Astro-Photographic Work to be Carried out by 


Harold Jacoby at Columbia College Observatory.—One of the creat 


dithiculties that has stood in the way of attaining the highest precision in photo 
graphic astronomy has been the determination of a possible distortion of the 
field of the photographic telescope. Some years ago Dr. Gill tried to meet this 
ditheulty by recommending the possessors of photographic telescopes to make a 


series of pictures of the group of stars he had used as comparison stars for the 


planet Victoria in his solar parallax work These stars had been very careft lly 
determined, both in the meridian and with the heliometer, so that «a mere com 
parison of the photographic coGrdinates with the others ought to throw consid 
erable light on the question of the optical distortion of the photographie tek 


scope. This process has been very carefully carried out by Donner, at the Hels 
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ingfors Observatory. But the result he has secured leaves the matter still in 
doubt. His determination of the optical distortion of the Helsingfors telescope 
hy Gill's method does not possess sufficient weight. The cause of this partial 
failure of Gill's method must be sought in the unfavorable distribution of the 
Victoria stars for the purpose in question, in the small remaining errors of Gill's 
star-positions, the uncertainty of the proper motions, and perhaps also in the 
low altitude of those stars in the latitude of Helsingfors. 

Some time ago, I pointed out in the Astronomical Journal that the best 
method of investigating that portion of the optical distortion which depends on 
position-angle would be to photograph the stars surrounding the pole several 
times, with widely different readings of the hour-circle. In this way the quantity 
sought will not be dependent on star-places or proper motions, and a very 
favorable distribution of the stars can be easily secured. Such a research can be 
made to furnish incidentally a very accurate catalogue of the stars surrounding 
the pole. 

Through the courtesy of Dr. Gill and Professor Donner, I have secured a col- 
lection of polar plates of the two poles specially made for the present purpose, 
and I propose to effect the measurement and reduction of these plates at Colum- 
bia College, using of course the Repsold photographic measuring machine recently 
presented to the college by Mr. Rutherfurd Stuyvesant. The plates are twelve in 
number for each pole, and are symmetrically distributed about the pole in the 
manner most favorable for the purpose in hand. It is to be noted also that the 
observatories of the Cape and Helsingfors are the most favorably situated re- 
spectively for the North and South poles. We may, therefore, confidently expect 
considerable information on this difficult point. if the present research can be 
carried to a successful conclusion. 

Other astro-photographic work going on under my immediate supervision 
includes the re-measurement of the old Rutherfurd plates of the Pleiades which 
were discussed in my paper on that group of stars. It is hoped that this re- 
measurement will show that the old plates ‘have not deteriorated. If this be the 
case, we can proceed at once to the measurement of a great number of Ruther 
furd plates that have never been measured at all. The great importance of thesc 


plates arise from the fact that they have the thirty-vear precedence of all other 


plates for the purpose of making a study of proper motions. 

Dr. Davis has been working on the reduction of the plates measured by 
Rutherfurd, and has carried several clusters almost to completion. These include 
the stars surrounding Mu Cassiopeie, 18380 Groombridge, 61 Cyvgni and one or 
two others. All these are being computed in a manner similar to the process 
used in the case of the Pleiades. Dr. Davis also has in hand a study of the rela- 
live masses of the two components of the double star Eta Cassiopeia, from the 
Rutherlurd measures recently published by him. This work is being done accord- 
ing to formulz which I presented at a recent meeting of the New York Academy 
of Sciences. Especial thanks are due to Protessor J K. Rees. Director of the Ob- 
servatory, who has done everything in his power to further the promotion of the 
above researches. 

Among other researches of importance which cannot be actively pushed at 
present, on account of insufficient assistance, | may mention the measurement 
and reduction of a series of plates of the stars used by Gill for comparison with 
the planet Victoria in his solar parallax work. These plates were made at the 
Cape Observatory about the time of the Victoria observations, and they have 
been placed in my hands by Dr. Gill for discussion. The plates are now at Colum- 
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ya College. All the plates to which reference has cece this notice, except 
Rutherfurd’s, are provided with a Reseau, o tw of straight lines photo- 
graphed on the plate. By the aid of this Res 1, it is ce n that we can elimin- 
ite the effects of any distortion of the film during velopment. The measure 
is also greatly facilitated by it. It is ped that Columbia College 
in time possess an organized Bureau « \l n where astro-photographic 
{ hes can be carried out for othe 1 mers e not the taciities o1 
ns doing the work thems« H. J 
The Meteors of the 13th of November. number of meteors 
ng been served about e 13th of No so wonless sl ot 
‘ yaist Vv CK macaC t « . to Ce ted towards the 
Clie if cnturyvy Contlinucd ce ae 1 1 ( Sin 
\ roantanal thi 2 . » or th ening 
res whoonty € tew shoot s ~ SETISE hie 
oht the 13-14 s se'ecte - { lor j 
( | 4 ( S tit i $s 
‘ | ; ‘ . ; o_ 
1 ‘ , 
' t ( rea0 
i ! ‘ rm 
i ( thie < d Le md 
acs aie ‘ 
| Ve ( ii he tel 1 \ ¢ ? t Line rivel 
Iv = oC MNCHeE to Thow SS ( M en met 1 
W S SPM Ss ina west ul { oA. M to. A. M 
wen om ere counted scattered among t wing constellations as they 
issed in view: Orion, Lepus, Columba, Canis Major, Monoceros and Argo 
Navis. With only three exceptions they 1 ‘ est © southwest and tlhe 
wr ter number appeared between 3:00 and 4:00 a. \ 

Phis total of thirty-seven shooting stars seen during an cight hour watch, 
distributed over an area of the celestial sphere 150° in leneth and 40° in width, 
combined with an occasional watch of an hour before and after November 13th, 
eads to the conclusion that the Leonids are not conspicuously numerous during 
the vear ROSE O HALLORAN 

Normal Spectrum of the Magnesium Are.—A map of the are spectrum 
of magnesium has recently been completed for the region lving between A 2600 

made by use of a Rowland concave 


The photogt iphs have been 1 
All the plates, except 


Vv threc \nestrom 


one, lie in the second 


units to the milli 


and A S800 
erating having a radius of ten fect 
} . Tl we ‘ * t,] 
order spectrum. The scale is approximatel 

meter. 
The metallic are is formed between moving poles after the manner devised by 
Messrs. Crew and Tatnali,and described in the Philosophical Magazine, October, 
oles and the carbon 


In this way, the continuous spectrum o 
avoided. 


f the heated 


1804. 


of the customary are are 
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On the upper side of the Magnesium spectrum is photographed a scale of Angs- 
trom units; on the lower side, and in immediate juxtaposition, is photog 
the spectrum of the Iron are. 





aphed 
On the back of each plate is printed a list of Kay- 
ser and Runge’s values for the wave-lengths included between the extremities of 
that plate; so that almost any line in their list can be identified at once. It being 
impossible to show all the strong lines and all the weak lines on one plate, the 
preference has been shown to the weaker lines, i. e., the stronger lines are often 
over-ex posed. 

Only commercial Magnesium has been used in the preparation of these photo- 
graphs. As a consequence, many impurities make their appearance. But it is be- 
lieved that this feature will add to the usefuiness of the map: for most of these 
impurities have been identified and are printed, with their wave-lengths, on the 
back of the mount. Naturally the impurity lines are very weak, and many that 
appear on the negative cannot be seen on the print. 

The prints are on “Lithium paper,” and measure eleven inches in length, each 
thus covering eight hundred Angstrom units. Each portion of the spectrum ap- 
pears on two diflerent plates, since the wave-length ot the middle of one plate 
differs from the wave-length of the middle of the next plate by only four hundred 
Angstrom units. 


The list of the plates is as follows: 











NO. OF REGION REMARKS, 
PLATE. 

y A 5100 to A 5900 | Showing A 5711.374, the longest wave-length given 
by Kay er and Runge. 

2. A 4600 to A 5400 | Showing reversal in Fraunhofer’s “ b" group, the 
first triplet in the ‘‘ Zweite Nebenserie’’ of Kay- 
ser and Runge. 

3. A 4100 to A 4900 | Showing the line at 4481, which Scheiner suggests 
may be a criterion of stellar temperature. 

1. A 3600 to A 4400 | Showing the only triplet of the “ Erste Nebenserte 
which lies in the visible spectrum 

5. A 3200 to A 3900 | Showing one triplet from each series, thus illustrat- 
ing the difference in physical character between 
the twe 

6. A 2770 to A 3400 | Showing five triplets and the remarkable reversal 
of 2852 

7% A 2400 to 4 3800 | A first order plate intended only for the region he 
tween 4 2600 and 7 2800: very unsatisfactory. 

bs A 4600 to 4 5400 | Showing the Me. band at 4 5007 as seen in the a 

These silver prints are each mounted on whit hoard 2 12 ches rhis 

size will he found a very convenient one for use at the eve end of t] pectroscoyzi 
and for purposes of instructi general 

The set of cight phot wvraphs complete will be sent to an res OSL | 

for three dollars 
This important work will be continued ai oon maps of other elements 


will be ready. 


A New Kind of Variable Star.—Dr. S. C. Chandler has made an inter 
esting announcement in Astronomical Journal, No. 358. He has found that the 
star DM + 15°.4915 is a variable 


with a period of only 5" 31™ 9°.0 


f an unique character. It varies continuously 


, the shortest known. The star having the next 
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shortest period, S A he Algol type; in 
6598 U Pegasi which case the pied by the variation 
™ 314 hours, is less tl hal e period of the star 
«9 |See table in Popt \ RONOMY, Vol. 111, page 
18” a +14 36] The ne 1 « s vuished from the 
7 : ‘Short Period bles the rth of 
| . b, iy. its period Lby the ter of its ight curve 
_a js 4+15° Mr. P. S. Yendell has give st of the “Short 
dy Period” stars in \ 1] ve 162 of this maga 
Zine Reference ‘ il show that the 
} + 16° shortest perio ive Ss S Monoceroti 
3.44. davs, also that stars of type the i 
° crease 1s © ! rally { y 
L 1+17 , = ‘te efi: 
less than half the period f vari ion, ile the 
decrease is slows rn some cases not of uni 
form rapidity.”” In contrast with these, the light rve e new variable is 
symmetrical, with equal times of increase and decreas« 
This variable will be known as 8598 U P | 1 i [1855] 23 
50" 35°, 15° 8’.9; [1900] 235 52™ 53°, +- 15° 23’.9 
Dr. Chandler has given the followi st is stars 
1855 Lig Mag 
h m s 
a23 51 28 15 o.2 19.0 SSS 
b 50 21 14 396 16.5 9.10 
ri 52 25 14 58.5 145 9.30 
d 23 19 +1 15 136 10.0 9.75 
This lettering corresponds with t] CIVE 1 ving chart, which ‘ 
will aid in identifving the variable 
The star varies from 8.9 to 9.7 ) eS ( 
two inches or ove It is in good pos t r s ind will well 
epay the time syx n bservi o | wT © 
its variation can be observed at lk PAI RS 
1895, Nov. 21 
The Invisible Spectrum.—!t SCICH ‘ 
band of colored light produce 
tppecars St \ ( < | ! 
Osit 1 M inite s he 
colo ) 1 tl oht ¢ ne elo P 
iA s ( i 
of tl ' 
Bevond tl ‘ é ! 
' swh “se , : an eae P 
Simil iy ‘ 
ean { S mr dark 1 S p i oflect 
Sor 1 t e of { t 
it | Ss cen t ltoaarstat ! t he 
visible ving region t! S< 
mysterious dark rays, then | 1 ‘ i f 
some new sort ot eve that « in see A ri 
and chemical rz VS. The photog iphu i s ! ' I ¢ 
for the chemical rays, and brought out s f it with the invis 
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ible heat rays the problem was more difficult. Something in the nature of an 
extremely delicate thermometer is here required, which will pick out all the fine 
absorption lines as colder spots in the spectrum. The beautiful instrument 


known as the bolometer has recently been used by Professor Langley in feeling for 


these absorption lines, which being regions from which the rays are stopped out, 
are, of course, colder than the remainder of the spectrum. The bolometer, like all 
the finest applications of science, is an extremely simple thing. It is a strip of 
fine wire, through which a feeble current of electricity is always flowing. This 
wire is slowly passed alorg the imvisible gamut of the spectrum, and as soon as 
it comes to one of the absorption lines the spot is shown by a minute fall of tem- 
perature in the wire. This has an instantaneous effect on the flow of the clectri- 
cal current. More current will pass through a cool wire than a warmer one, and 
the alteration is promptly shown by a delicate mirror galvanometer, which 


flashes its mimic signals onto a slowly revolving photographic ribbon. In this 
way Prolessor Langley has been able to pick out and locate hundreds of dark ab 
sorption lines in the great invisible spectrum which lies beyond the red. Not only 


is the absorption of rays by the solar atmosphere shown by this method, but the 


absorption lines of the Earth's atmosphere are equally apparent Dr. Huggins 
anticipates that the meteorologist will soon be applying the system to weather 
forecasts “ 

The Absolute Dimensions of Stellar Systems.—In a recent number 
of the Astronomische Nachrichten, (No. 3314), Dr. T. J. J. See bas a very impor 
tant paper on the “theo f the determination, by means of a single spectro 
scopic observation, of the absolute dimensions, masses and parallaxes of stellar 
systems whose orbits are known from micrometrical measurement; with a rigor- 
ous method tor testing the universality of the law of gravitation.” The ordin 


ary determination of the orbit of a double star furnishes us no idea as to its 
distance from us, and hence no measure of the absolute dimensions or masses of 
the system. The measures of the parallax upon which we depend for our esti 
mates of distance are extremely difficult and the results are it most cases unsatis- 
factory. The measures are taken from neighboring faint stars, which are assumed 
to be so inuch more distant that their annual displacement will be imperceptible. 
This assumption is not always safe and the resulting parallaxes can only be 
regarded as relative 

Dr. See shows how, by a very simple and clegant method, we may determine 
the absolute dimensions of the orbits of bright rapidly revolving binary stars, by 
single spectroscopic measures =f the motions in the line of sight of the component 
stars. From the dimensions and other known data of the orbits the actual 
masses of the stars and their distances from us cau be easily calculated. But the 
most important result of this method is the means it furnishes of testing the 
question whether the Newtonian law of gravitation applies to stellar systems as 
well as to the solar system. Dr. See shows how we may calculate the motion in 
the line of sight in all parts of the binary orbit. These calculations are based 
upon the law of gravitation and a single spectroscopic measure. If such meas- 
ures be continued upon a number of pairs, while the stars complete their revo- 
lution and the computed andobserved motions in the line of sight agree through- 
out, within reasonable limits of error, it will constitute a strong proof ot the 
universality of the Newtonian law. Gs “Vi 


Water Vapor in the Atmosphere of Mars.—When Professor W. W 
Campbell, not long ago, reported that he found no water vapor in the atmosphere 
of Mars, by careful study, by the aid of the spectroscope at Lick Observatory, 
astronomers were generally surprised, because that matter was supposed to be 
settled quite conclusively. Now it turns out that M. Janssen has recently in- 
formed the French Academy of Sciences that he has determined the existence of 
water vapor in the planet Mars by means of the spectroscope. 





